Ensuring the Drawability of Extended Euler Diagrams for up to 8 Sets by Verroust, Anne & Viaud, Marie-Luce
HAL Id: inria-00071605
https://hal.inria.fr/inria-00071605
Submitted on 23 May 2006
HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.
L’archive ouverte pluridisciplinaire HAL, est
destinée au dépôt et à la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche français ou étrangers, des laboratoires
publics ou privés.
Ensuring the Drawability of Extended Euler Diagrams
for up to 8 Sets
Anne Verroust, Marie-Luce Viaud
To cite this version:
Anne Verroust, Marie-Luce Viaud. Ensuring the Drawability of Extended Euler Diagrams for up to 8









   



















ap por t  
de  r ech er ch e 
THÈME 3
INSTITUT NATIONAL DE RECHERCHE EN INFORMATIQUE ET EN AUTOMATIQUE
Ensuring the Drawability of Extended Euler
Diagrams
for up to 8 Sets
Anne Verroust — Marie-Luce Viaud
N° 4973
octobre 2003
Unité de recherche INRIA Rocquencourt
Domaine de Voluceau, Rocquencourt, BP 105, 78153 Le Chesnay Cedex (France)






































¡ ¢ £G¥s¥k¥s£¡ ¦ ~Vjo[e§ ¨ª[«  ]Bu2v[isfotoepfQ\'\']Bu²udjoa?cfTv[fQ~cgxBu2~ jT[e2eg]G~[egxBud]Ga?cg]Ge²s]Buika hsquisjoa u²]c
isa?cd]Begud]Bhcdisjoaquv
 ]Ga u]B\/[s]Bun°hpYqfo³?[]n]Baqu]B\/[s]n¡ ± ]chpY fo³?[]'ika?cg]Gepu]@hcdisjoaa[jTa?iyv]²v
 [a¿udjoqu
]Baqud]G\/qk]$v]@u(¡ ¢ £B¥k¥s¥k£d¡ ¦ ]@u|ceg]G~qedx@u]BaTcgxG]®~qfoe[a[]egxGtTikjTaqa[is³?[]$v[­~[sfoa½«~ fQedcdise·v
 [a[]$v]@u|m
hGedis~cgikjTa=v¯viyfQtTegfo\l\']Tr[a[jo u·vxG¶qa[iyududjoaqu·[a=tTegfo~[Y[]$vqfo¸ ]Gcxcgqvisjoaqus]Bu~qedjT~[edisxcgxBuv[]h]


















R h|«]T_^S`ba·TcXZY«Hd[e(\nfoikatoj?fQ Y[]Bed]®iyu8cdjnqud]¬cdY[]B\ isaf'v[fQcgfoqfoud]wiyu fQsik¼@f0cdisjoahjTa?cd]wc@«
`ba v]G]@v r0]Ga[Y fQaqhGika[tcdYq]8wiyu fQsik¼@f0cdisjoajQ cdY[]+eg]Bud[µcpu
jQV³?[]Bedis]Bu
isalvqf0cgfoqfoud]BuV]BhjT\']BuÈf¬hpYqfQsk]Ba[tQm





hG]Ga?cdqedjTaftoiso]Galv[f0cpfQqfTu]8fQaqvik Y[]8jocpfQisaqucdY[](viyfQtTegfo\ jQq¶ to[eg]iK+fTuf·eg]Bud[kcBr¤Y[](hGfoa/isa ]Ge
isa jTed\nf0cgikjTaVjQcgYjoaY[iyued]@³?[]Buc$fQaqvºjoacdYq]2hjTaTcg]Ga?cjQ8cdY[]²vqf0cgfoqfoud]o« `ba v]G]@v r cdYq]2viyfQtoepfQ\
udY[j0uisa¿~qfoecgishG[yfQecgYqf0ccdY[iyuvqf0cgfoqfoud]n(isk8a[jQcl ]ed]Bk]B0fQa?c/ikY[]2sjwj*Pu® joeika[ joeg\'fQcdisjoa©jTa
~ fQisaTcg]GepuK egjo\ cgY[]Sg/g cgY hG]Ga?cd[egorwV]BhBfQqud]fokVcdYq]~qfoika?cg]Gepu~[eg]Bud]Ga?c+ika2cdY[iyu+v[f0cpfQqfTu]¬fQeg]·]BiµcgY[]Ge




ÇÈ]Ba[a2viyfQtTegfo\'ueg]G~qed]@u]BaTcgikaqt$fQs[cdYq]~ j?ududis[k]·ika?cd]Begud]BhcdisjoaquK ]Gc|»]B]Ga'cdYq]·isa[iµcgisfo ud]cpupT }(qugKX
foed]la[joc®fTv[fQ~cg]Bv¯cdjjo[e®~[qed~VjTud]BuB«D`ba¯¾fThcBr 8]'8foa?ccgYqf0c]BfThpY¯eg]GtTikjTa¯vepf¤(a¯isa¯cgY[]²viyfQtoepfQ\
hGjoeged]@u~Vjoa v[u cgj·a[jTa/]G\'~c|siyu|cjQ ud]Gs]Bhcd]@v/vjhq\l]Ba?cguB«¤X+YqisuhjTaqucdepfQisaTcisu
\'jQcgik0f0cg]Bv/?®cgY[]»¾fohc
cgYqf0c¬\'jTucjQÈcgY[]/~qedjo ]BuguisjoaqfoX+Ç fQephpY[ikT]Bu(isaqv]G]Bv=v[fQcgfoqfoud]BufQeg]/fougujhGisfQcd]BvcgjfncgY[]BugfQqedqu
hGjoa?cgfoikaqika[t+]GhGk uiso]isaqviyh]BuB«BX+Yqisu½hpY fQepfohcg]Gegisucdiyhik\'~[sik]@u cgYqf0c\nfoa?hjo\[isaqf0cgikjTa¬jo?]Bk]B\']Ga?cgfoed
eg]B³?[]@u|c+vjla[jQc(u]Bk]@hcfQawnvjhq\l]Ba?cB«X+Y[]Gar»]¬~[egjo~VjTud]ftoepfQ~[Y[iyheg]G~qed]@u]BaTcpf0cgikjTan(Y[ishpYisu+foa
]Gwcd]Ga uisjoajQ






cgjn]GistoY?cud]cpuG«or]$(issa[jocdiyh]®cdY f0c(Yq]GacdY[]aw[\/V]GejoKu]Gcguiyu(tTed]@f0cd]Be(joe]@³?qfQ cgj²a[isa[]orVu hpY
fl~[yfQa fQe+ed]B~[eg]Bud]Ga?cgfQcdisjoa2\nf¤²aqjQc]iyu|c@«
X+Yqisu+~qfo~ ]Be(isu·u|cgedqhcd[eg]Bvfou8 jTksj0uB°




cgY[]<NhGjoa[a[]@hcg]Bv=yfQV]Gss]Bv=tTegfo~[YfTududjhiyf0cg]Bvcgj¡ ± fQa v¯v]@udhGedis ]lcgY[]'~[edjhG]Bugucgegfoaqu| jTed\'isa[tf
NhjTa[a[]Bhcd]@v2yfQV]Gsk]@v2tTegfo~[YikafQa]wcg]Gaqv]@v2[k]Be·viyfQtTegfo\«




^¬iso]Ba ¡B¡ ¢ £d¡Q£G¥s¥s¥k£d¡ =fhjTks]Bhcdisjoa jQaqjoa ]G\'~c|viyucdisaqhc2ud]cpuGrÈ8]+fQa?c'cdj[qikyv f
tTegfo~[Y[iyh¬ed]B~[ed]@u]Ba?cgf0cgikjTa2(Y[iyhpY­uYqj0u+ika jTed\nfQcdisjoafQVjoc(cgY[]$u]GcgufoaqvcdY[]Bike·ika?cd]Begud]Bhcdisjoaqu+jTaf
~qsfoa[]o« N½]Gc4s!"6s ¢ £ s#o£G¥s¥k¥s£s %$ cgY[]nhjoss]BhcgikjTa¯jo8fQs~ j?ududis[k]lisaTcg]Gepu]@hcgikjTaqu¬ ]Gc|»]B]Ga=cgY[]'¡ ± «
[k]Be$viyfQtoepfQ\nuT Kq *VcXhjT[yv=V]nqu]@v=[[cfo~[~V]BfQe¬cgjV]lcdjwjed]@u|cgediyhcgikT]/ jTe¬jT[e®~[[eg~ j?u]T«D`ba
¾fThc@rqfQa­Kqk]Be·viyfQtoepfQ\ hjoa uiyu|cpu(jQÈudik\'~[s]/hsjTud]BvhG[edT]Bu(hBfQsk]@vhGjoa?cdjT[epu(fougujhiyf0cg]Bv(iµcgY=u]Gcgu
(YqishpY²ud~[siµc»cdY[]~[sfoa[]isa?cdj$¼Bjoa[]@uG«TfohpY²ud]c¡ ± isu»fougujhiyf0cg]Bvl(ikcdY2foan[a[iy³Tq]hjTa?cdjoqeBrQ¡ ±  ]Bika[t
eg]G~qed]@u]BaTcg]Bv2?²cdY[]isa?cd]Gegisjoe(jQcdY[]$hGjoa?cdjT[e@«
X+Y[]hGjoaqhGed]Gcd]·[k]Be(visfotoepfQ\nu»~[edjT~ j?u]@vnisa f
sj0»]Be»fQa v:aj0ud] u+fQ~[~qedj?fohpY T f aT6Xfoed]o]Bed
8]Gsv]G¶qa[]@vqc·]GT]Ga\'joeg]¬eg]Bucdegiyhcdiso]T«`ba¾fohcBrqhGjoaqhGed]Gcd]®K[s]Ge·v[isfotoepfQ\nu+fQeg]K[s]Ge·viyfQtTegfo\nu
(ikcdY' ]B \'joeg]hjoa u|cgegfoika?cguB«oX+Y[]¶qeguc»hGjoaqucdepfQisa?cguÈisa?cdegjwv[qh]@vnf0cKcgY[]·hqedT](k]Bo]GOro\nf*Po](Yww~ jocdYm
]@uiyuKjTancdYq]¬ud]c8jQ½isaTcg]Gepu]@hcgikjTaquÈV]Gisa[tlv[egf¤(a­°?]BfThpY²u]Bto\']Ga?cjoh[ego]·v[]Gsik\'ikcgu»cdY[]ika?cg]GegikjTe»fQa v
cgY[]·]Gwcd]GegisjoeKjo½][fohcdsjTa[]·ud]cr?fQaqv²]BfohpYnisa?cd]Begud]BhcdisjoanjQ½hG[edT]BuisuKcdY[]¬hegjTuguisa[tjQ½]G[fohcgkc|8j









jTkyfWP T \TzM?cX  joe(Yww~ ]BedtTegfo~[YquB«










[« KcYKfoaqvnikcgu+vqfo eg]G~[eg]Bud]Ga?cpf0cdisjoarQcdYq]qNhjoaqa[]Bhcd]Bv²sfo ]Bks]BvntTegfo~[Y¸ R¾ikau]@hcgikjTa« *Y«w´w]@hcgikjTa












 "!$# &%')(*+(, -./	01*2,3#!46578!:9<;)1  V
  m0n   Á Æ Á Æ   Á ²Æ k  l 0¿
Á	 k  k¾Å
 nomU1	   	
'S11-!J#4 *+1_H(  11-!$#!(1S	
  
 W/ZW 	 sfo ]Bks]Bv  O++! !$#" 	 -+!#1	0' (q&	
Z,$+!W65H 1&%1' 3p£)(+*',w§1- 3 3
O .%1- 30/1 H(2(3*-,w§1- 34/765£+7  
8o!:+9 h *+1
 +(:1 !$#;+! 5!WH(c,<6!H$= 1' 34(>H+(:1 ?
@ 	 #(3*',w§1- 3'A5CB3
:=1- 3D*U§FE*1- 3















jEk lUm   m [$°Df²¼GjTa[]/(ikcdY=c|»j²Yqjos]BuH(+*',w§1-  3M(3*-,w§1- +N 3 O7P
Q°DfQa¯]wcd]Baqv]Bv=K[s]GeviyfQtoepfQ\
(ikcdY1R71'S ¢ 3 #T#?rR71'S  3 UT £)V¤£W ®foaqvXR51&S3N 3 U T«
Á	 k  k¾Å
   mY­]wcd]Baqv]Bv¯K[s]Ge$viyfQtTegfo\ 	    	 5)  1'£Z¬£[ 3,O!c1X !W2p5!)o0<"(* @H+(&#!W
 ! +?
\   	 3o	
841!J#b.*+ 
]   	 4<1!J#! (*^S.*+
. ( 1 )(_	 #+	
 9?` acbFd"/1£)e ./c2B"%1- 3fdpWH(C(3*',w§1- 3f5 
8) 	 21c. 	 b	>g1,WH(<&	

 +2+
. (:Z·]Gawo]BkjT~ ]:!$#d `  +hb¦6i1&d 3&a 
` ja 	 #%1- 3k%1' ml 3ZB" nJ ml-WH(2(+*',w§1- 3f(3*',?§1' ml 3b
 "H(C ml(*!:H!A	
'+1)1
` ja 	 #%1- 3k%1' ml 3ZB" nJ ml WH(2(+*',w§1- 3'A5CB3
X(+*',w§1- ml 3G7 WH(C mlFop*O§FE*1' 3




 E+:<6!WH$SL!J#[ 	 c+1!31	0'+('!:<1!J#b +_rR71'S34(>H+(:1` asR51&S3 Ud"/c.t bu ./1¬£,	 #%1- 3kdEZ1:SoD= 1- 3%
` ja 	 #rR71'S3JR71'S l 3H(R51&S3.nkvB3Z1XS4fS l
 b)!'$[xw<Z41E!J#<6!) 1!#	0W8+(:8!" 2/5H  1!J#b +_ 
[4w+!W'	
WA ++-ZH<y!WH.S#w fy{zZ|)} ~ ±p¦ |I#KLE*1- 3 
8)b11!$#4%')(*+(, -.(W	01*2,4	 bH!'+( +.- 
[u+f/\nf0cg]Ge8jQ½¾fThc@r?8]¬Yqf¤o]ika?cdegjvqhG]Bv\Tjoepv[fQah[ego]@uKcgjlv]G¶qa[]¬¼GjTa[]BuBrTqc+cdY[j?u]¬a[jQcgikjTaqu8fQeg]
]@³?[ik0fok]BaTc@«`bacdY[]® jTksj0(ikaqtqrw»]®(iskqu]epf0cgY[]Ge8cgY[]¼GjTa[]Bu8 jTed\nfQsis¼Bf0cgikjTa½«
Á	 k  k¾Å
D]mU1 ¡  B¡ ¢ £¡Q£B¥k¥s¥k£d¡   +  1!$#L)! 2/5H  (W	 + 	

1 110 !$#X1B




È¡n± ` R;  a 
 b1W<
-
  %81H(+(, - 1(	0yW 2 1-·£Z¬£)[,34	 4viyfQtTegfo\ ed]B~[ed]@u]Ba?cgf0cgikjTa !J#¡ 	 #WH(
!W <	 #m?
\  
	 :1	 1) 	0!XD ¡dK
Ì»Ì Ót)ucv6wyx
   H!W  O	0(
]  [[xw s{"SC (>H+(:1  1'S3 y	
  9 1&d 3S	 "	 1)1 	0!W 
2< \  Èwcd]Baqv]BvK[s]GenviyfQtTegfo\'u/hGfQa ]ed]BsfQcd]@v©(iµcgY \TjoY[a ujTa¿fQaqv©zjTkyfWP  u/a[jocdisjoa¿jo
~qsfoaqfQegiµc|' jTe(Yw?~V]GegtoepfQ~qYquqT \TzM?6XO«
N]c  1K£938V]/fQaYww~ ]BedtTegfo~[Yfoaqv¡  B¡ ¢ £B¥k¥s¥k£d¡ $ ]fnu]Gc·jQa[joa­]B\'~c|viyucdisaqhc
ud[qud]cpu+jQ4,uqhpYcdY f0c(cdYq]Geg]®foed]T°
mfljTa[]mUjoa[]®\nfQ~+ egjo\ cdY[]$ud]c(jQYww~ ]Bed]@vto]@u foaqv2¡; B¡2¢¤£B¥k¥s¥k£d¡  Tr
mf\nfQ~¿V]c|8]G]Ba,fQa v­cdYq]'ud]cjo8fQsÈ~VjTuguis[s]a[jTa]B\'~c|=isaTcg]Gepu]@hcgikjTaqu·V]c|8]G]Ba¯cgY[]'¡n±r
s  6s ¢¤£ s  £G¥s¥k¥s£s
9
ugf0cgisu wikaqtq°b_/£²V]Gsjoa[t?u8cdjlcdY[]Yww~V]Geg]BvtT]HI$jQikKfQaqvjoa[s²ik '1! 3#"$ 1-I 3«
`Ufoa=]wcg]Gaqv]@v­K[s]GeviyfQtTegfo\ 1'£Z¬£[ 3(isu¬f2v[isfotoepfQ\ eg]G~qed]@u]BaTcpf0cgikjTa­jQK¡¿rqcdY[]Ba 1-·£Z¬£[ 3(isu





  m   ')(  Å
	Á Q Á Æ ¾ Á 	 Á Æ l 0+* ,
Á	 k  k¾Å
-UmY yfQV]Gsk]@v2tTegfo~[Y 	 < 	 5H ¬¸<1-·££93bO13?
\   	 3o	
841!J#b.*+ 
]   	 , 11-!J#sfo ]Bks]Bvo]BecgishG]Bu+B 	    ?` a ++c' %.7	 b *+1
 +(:&	
Zh<1!J#b +_rR71/3"
` ja  !"(	  	

1  	>+0 )(21 !$#)   (W	  	
uA1 b!$#S *+1_ 
q    	  1E!J#4+(yS+L+ ZW&?` a ++L+(1.I, 1! £1,3 !J#0 	 b +
 +(:&	

  11-!$#b *+1_rR51'I 3R71/343R51!1,3
` ja 	 #I/ Z1 R71-I 3.nkv
`bacgY[]$eg]BucjQ
cdY[]$~ fQ~V]Ge@rL 15 3»(iksV]cdYq]$u]Gc·jQsfo ]Bsu·fougujhiyf0cg]Bv2cdj'cgY[]$o]BecgishG]Bu+jo5 r i « ]o«
 165 387 i 
:9 R71/3prq(Y[]Geg].5"iyuf'u]Gc(jQsfo ]Bks]Bvo]BecgishG]BuB«
Á	 k  k¾Å
<; mU1¸<1'£=K£93b+, *+1
 +( W+5 
> U1!d+,: *+1 !$#   b1W
È¸<1-·££934	  hGjoa[aq]Bhcg]Bv 	 # H("!o 	 #4Z48W+5¸Hl-!$#·¸<1-·££93b!WLZ41 l!J#H 	>+!J# 6y	
 dE	
L	
 11!$#S *+1_4	 C !W)Z1' ( 





> ¸<1-£=K£93S	 S1	0(,NhGjo\'~[s]cg]O1@ 	 (>H+(:1 ?   1! £1,3mt /£A1 / )(R71/343R51!1,3$nfv




   '+(<	
2 W  q 
2< ]  ^¬ikT]Ga­fQa vC²rcdYq]Geg]K]iyu|cpu joa[sjTa[]3NhGjo\'~[s]cd]ÈyfQV]Gss]Bv¬toepfQ~[Y®a[jocd]@v®¸<1'£=K£ | 3





























jEk lUm#]m7N½]c u8cgfWPT]  #TV£)V¤£W 0£ ?r  UTV0£WT 0£WT  £ZV Q£ZV  £W  Tr
   1'TV0£WT 3p£ 1-TV¤£)V 3p£ 1'V Q£W   3p£ 1-   £ZV  3p£ 1'V  £WT  3p£ 1-T q£ZT 3p£ 1-T 0£ZVm 3p£ 1'V  £ZV 3%Tr
 |  61-TV¤£ZV 3£ 1-TV¤£ZT 3£ 1-T 0£Z   3p£ 1'T q£Z  3:T«
[/°¸<1'££<3 isu f NhGjoa[a[]@hcg]Bv,sfo ]Bks]Bv¹tTegfo~[YP Q¬°¸<1'£=K£ | 3 isucdY[] hjoegeg]Bud~ jTaqvisa[t




1-·£ 3+cdY[]/ud]cjQ3NhGjoa[a[]@hcg]Bvsfo ]Bks]BvtTegfo~[YqufTududjhiyf0cg]Bvcdj2f'tTikT]Ga­ud]c·joyfQV]G! fQa v
f'ud]c jQyfQV]Gsk]@v2T]Gedcdiyh]BuB°
1-·£ 3 ¤¸<1'£=K£93mt ¸<1-·££93/
m
 1-£= 3cdYq]$u]GcjQ~qsfoaqfQe(tTegfo~[Yqu8 ]BkjTa[toisa[tlcdj
1'£<3p«
Á	 k  k¾Å
]mc8H,2 +5*5H	
  uTd +.-  1'xl £Z¬£)[,34 ¸<1'£=K£93S	 (*-3)+(:1 ?
¸<1'£=K£93 uTd 1
1' l £)¬£)[,3
3b	 #)(:!o 	 #





	 :1	 1) 	0!C[J )S  +L+ ZW"R71'S3'DR711&S3 3
` 	
	





















jEk lUm -Um [·a=]wcg]Gaqv]@vK[s]Ge®viyfQtoepfQ\ 1-·£Z¬£)[,3(foaqvikcgu¬vqfQO«rº]/Y f¤o]R71-T3 AR51&S ¢ 3 #T#Tr
R71-TV 3;R71'S  3#TV£)V¤£W ?r"R71- 3 ;R71'S#N 3 U Tr!R71'V 3 R71'S! 3UV¤£Z foaqv R51&V 3
R71'S#" 3  V T«
N]c²¡  @¡ ¢ £¡Q£B¥k¥s¥s£¡  = ]=fud]c²jo¬a[jTa%]G\'~c| v[isucdisaqhc2ud]cpu²fQa v s  6s ¢ £s T£G¥s¥k¥s£s %$ 
cgY[]ud]c¬jQfok





Á	 k  k¾Å
  mU1 sl 6s ¢ £s Q£B¥k¥s¥s£s   + Z 1!$# s O	>   12<o0  Z H!
12/5H  	
o81+1) 	0!+1 +1 Z¡ ± ` R    ap  1 ZW/Z{4?{+!oH)'+(   1
 +( W+5
¸<1'£=K£93S	 tTegfo~[Y2eg]G~qed]@u]BaTcpf0cgikjTa !$# ¡ 	 #)(:!W <	 #m?
\  
	 :1	 1) 	0!c%19  ¡  B¡2¢¤£B¥k¥s¥ ¡  9"dK
]   G sCl>4  (>H+(:1  1! 3<< y 
  %1'd 3S	 :1	 1) 	0! 
,Z)#!W
 !&	
  B -&	

 H!W8 +.-01¾¡73Z11]!J# +.- +!W2p5!c1+(b!J#-(	01*W2 '5H1o8W 	0!W-!$#
¡ H( 1 ¡73EZ113!J# 5) )r4?{+!))'+(4 +
 +(b* 5"O 	>+ SS* 5"85)1' 	0!
!$#+¡ 





rº]+fQa?cKcgj¶qaqvnf~qsfoaqfQeKeg]G~qed]@u]BaTcpf0cgikjTaljoDcdY[]·ud]c-sCl jQ a[joan]B\'~c|]Bk]B\']Ga?cgujQ]s udqhpY'cdYqfQcB°
> ]BfohpY]Gs]G\']BaTc0²jo sCl½hjTedeg]Bud~ jTaqv[u»cdjnf'[aqis³?[]®¼GjTa[]C[ i «
>  joe]@fohpYn¡ ± r?ik4 "¡ ± fQaqv liyuKa[joccdYq]·[a[iy³?[]·]Bk]B\']Ga?cjQUs2lqisaqhGkqv[]Bvnisa²¡ ± rTcdY[]Ba²8]·hGfoa¶qaqv 1 ika sCl r1 o ¡ ± r+1 n<2u hpY2cgYqf0c$[ i fQaqv [
	¿fQeg]¬fTv¤{fohG]Ga?cB«
rº]2(iss8ud]G]²isa©cgY[]2a[]Gwclud]BhcgikjTacdYqfQcik»]2¶qaqv¿foa©]Gs]G\']Ga?cljQ   1¾¡73»]hGfQa[[isµc'uqhpY¿f
~qsfoaqfQe+eg]G~[eg]Bud]Ga?cgfQcdisjoa½«





N]c²¸<1-·££93$ ]fQa ]Gs]G\']Ga?c'jQ   1 ¡73p«ÈXj¯Yqf¤T]f¯ ]Gccd]Be²hjTaTcgedjTjTa¿cdYq]vepf¤(isa[t¯jocdY[]
eg]Bud[kcdisa[tnviyfQtoepfQ\ 8]®ika?cgedjvqhG]u~V]BhGisfo ]BvtT]Bu(fQa v2T]Gedcdiyh]Bu(v[[edisa[tlcdYq]~[edjhG]BuguG°
KT«E[u|cgegfoiktTYTcdmOsisa[]¬v[egf¤(isa[t /21O¸438jo¸isujocpfQisa[]Bv7R¾h|«]T Q8X(X(TcXZY«
[«r]®cg]G\'~ jTegfoedneg]G\'j0T]·cgY[]$v[fQaqtosika[tl]Bv[to]Bu8 egjo\ ]BfohpYisaTcg]GegaqfQD¾fTh]®jQ/21U¸43p«








r]a[j0 Yqf¤o]$f'cgediyfQaqto[yf0cgikjTa ¢ £G¥s¥k¥s£ ¦ ed]B~[eg]Bud]Ga?cdisa[t2¸<1-·££93fQaqv8]/hGjo\'~[cg]fna[]B
vegf¤(isa[tljQiµc@«
 «+`U/f©cdegiyfQa[tT[sfoen¾fohG] ±  1/ ¢ £A o£A6N 3nhjTa?cgfQisaquf0cs]BfTu|cfv[foa[tosikaqt¿]BvtT]¯hjTa[a[]@hcd]@v%cdj
 ± r f2ud~V]BhiyfQ
o]Becg]wed]B~[eg]Bud]Ga?cdisa[tncgY[]]B\'~c|=u]Gc¬iyu¬ika u]Becg]Bv=foaqv­]Bv[to]Bu¬hjTa[a[]@hcdisa[tcdY[]
]wcdeg]G\'ikcdis]Bu'jQ¬cdYq]=v[fQa[tTkisa[t]Bv[to]Bunfoaqv$w=foed]heg]BfQcd]Bv½«È`UC  ± iyuna[joc2hjoaqa[]Bhcd]Bv cgjf
v[fQa[tTkisa[t']Bv[to]¬cdY[]BawfQaqv@$fQeg]®hGjoa[aq]Bhcg]Bv7R¾h|«¶qtoqed]4V R  YY«
































































jEk lUm ; m3X+Yq]%hGjoaqucdegqhcdisjoajofQa ]wcg]Gaqv]@v[k]Be¿viyfQtoepfQ\  egjo\3fMvepf¤(ikaqt jof ~[sfoaqfQe
NhjTa[a[]Bhcd]@v tTegfo~[Y R>; UTV£ZV¤£Z 0£   £WI =fQaqv<  #  £WT q£ZTV¤£WTI?£WT mI?£WT 0£)V 0£)V   £WTV cY«
fThpY
isa?cd]BedaqfoÈ]G\'~c|ed]Btoisjoa¯iyu$vepf¤(aºikatoeg]GfQaqvisu/fougujhiyf0cg]Bv=cdj=feg]Bvo]Gedcd]G «][$°f­vepf¤(isa[tjo
f NhjTa[a[]Bhcd]@v¯yfQV]Gsk]@vtoepfQ~[Yº(ikcdY[jTccdY[]v[fQa[tTkisa[t­]@vto] 1  £WT  3p«!Q¬° cdY[]2]G\'~c|¯eg]GtTikjTaºfTu|m
udjhiyf0cg]Bvcgjf2a[joa¯cdegisfoa[to[yfQe·¾fohG]o«  ° cgY[]'v[fQa[tTkisa[t]BvtT] 1  q£ZT  3isu®vepf¤(a½«)Q/°VcdYq]tTegfo~[Y¯fQa v
ikcgu+fTududjhiyf0cd]@vneg]Gtoisjoa uG«T°wcdY[]¬]wcg]Gaqv]@v2[k]Be(visfotoepfQ\ (iµcgYisa?cd]Bedaqfo eg]GtTikjTaqu8fougujhiyf0cg]Bvlcgjlfoa
]B\'~c|2ud]cjQ
sfo ]BsuB«f8°cgY[]ed]@uqµcgika[t']G?cg]Gaqv[]BvK[s]Ge·viyfQtTegfo\ f0 cg]Gev]G joeg\'fQcdisjoa½«
V[«+fohpYo]Gedcd]G$jQV¸HlwiyuÈfougudjwhGisfQcd]@v®cdj®f·~qsfoaqfQeeg]Gtoisjoa/sfo ]Bks]BvwiµcpuÈu]Gc
jo yfQV]GyuG«0X+Y[]+eg]Gtoisjoa u
jQcdY[]~[yfQa[]/hGjoeged]@u~Vjoa vikaqtcgj2fQa­]B\'~c|ud]cjQÈsfo ]BsufQeg]$fougujhGisfQcd]BvcgjncdY[]a[]G T]Gedcdiyh]Bu
R¾h|«D¶ to[eg] V R>QEYfQaqv R0QSY$Y« r]'jTcgfoikaºfQa¯]Gwcd]Ga v]BvK[s]GeviyfQtTegfo\ 1'£)Hl¾£[l 3cdYqfQc®\nf¤
hjoa?cpfQisaeg]GtTikjTaqu+fougujhiyf0cg]Bv²cdjnfQa]G\'~c|u]GcjQyfQV]GyuB«
  «(X+Y[]ika?cg]GegaqfQ eg]GtTikjTaqu+fougujhiyf0cg]Bv²cdj²fQa]G\'~c|u]Gc(jQsfo ]Bsu(foed]¬cdYq]Ga­v] jTed\']@v²cgj²feg]GtTikjTa







h 8 h|¦m   N    /21U¸Hl 3
 !"$# % & p±(')+ " )*+,-. h0/21)3Zr54 6 1-£)Hl¾£[l 3
X+Yq]¬~qed]B?isjo u+~qfQepfQtTegfo~[Y²+fou+fQaisa joeg\nfQ ~[egjwjQjocgY[]® joskj0(isa[tl~[egjo~VjTudiµcgikjTa½°
7  Å * Å  k  k¾Å
 nom Z#"
  	  "5) )4?{+!oH)18+( W  5¿¸<1-£=K£93"'5H1o 	
 ¡BS

Z1L	   %')(*+(  -. (W	01*2 1'£)¬£)[,3 '5H1o 	
 =¡  8H	 7(	0yW 2 	  L  

¸<1'£=K£93 uTd 1
1'£Z¬£[ 3 3 




jTancdYq]]G?cg]GegaqfQq¾fohG]·jQ/61O¸Hl 3prfou»ikc8iyu»v[joa[]ikan¶ to[eg]Mq«w´w hpY2hegiµcg]GegisfuYqjo[yvnV]hjTaqudisv]Bed]@v²fou
jTa[]®jQcdY[]wiyuqfo½hegiµcg]Gegisfl\']Ga?cgikjTa[]BvikacgY[]$hjTaqhsqudikjTa½«
    




 1-£= 3prwiO« ]T«f/ud]c»jo]Bv[to]Bu udqhpYncgYqf0c8cdY[]¬yfQV]Gsk]@vtTegfo~[Y¸<1'£=K£93»isu~[sfoaqfQe(foaqv"NhjTa[a[]Bhcd]@v «
Xj'~[egj0o]cdY[]~[yfQa fQegiµc|njofltoepfQ~qY½rw»]®(isk½ u]®cgY[]toepfQ~[Y u2¦2fQa v²¦  ¦Dr[§
m²¦­iyu·cdY[]'hjT\l~qk]Gcd]/tTegfo~[Y¯v]G¶qa[]@v=joa¯§¿o]BecgishG]BuB°qisa²¦DrV]GT]GegT]Gedcd]Giyu®fov¤{fTh]Ga?ccdj2]Bo]Bed
jocdY[]Be(o]Becg]
m ¦  ¦ iyuÈcdYq]hjT\'~[k]Gcd][ik~ fQedcdikcd]tTegfo~[Ynhjoa uiyu|cgikaqt$jQDc|8j/viyu {|jTika?c»T]Gedcd]Glud]cgu    ¢ £B¥k¥s¥k£ ¦ Tr
5   1 ¢ ¥s¥k¥s£A1 ¦ $fQa v2cgY[]]Bv[to]u]Gc     ± £A1t*p£§'
foaqv `®[egfQcdj0uPwi	 u»hpY fQepfohcg]Gegik¼@f0cgikjTa²jQ~[yfQaqfoe8tTegfo~[YquqT `®[eg^TcXU°
 , ÁwÅ  Á  nHmY * 5 	 b5H WHW:	 #"WH( !o L	 #:	
4(*!6:)!+!o8W	
iL+(	 6	 +	0!W !J# " !W
N  N: 8W+5 
rº]fQsed]@fov<Pwa[j0 cdYqfQcBrik! +T  #16 3k | ' 3 m  cdYq]$visfotoepfQ\ cgj'v[egf¤iyufÇÈ]Ga[a­viyfQtTegfo\ (Y[iyhpY




7  Å * Å  k  k¾Å
   mU1! +"
X+W(	
) 	
 7!$#C  <"!# ª B/Z1 %	 0:Wq. bh14!$#
.*+
. ( 	>+) #!W4O 	>+ 
UZq* 5!J# 
1'£=934WH!<5H WH 
$!y!$#  ´[~[~VjTud]H  #TV£)V¤£W 0£ q£ZI?£&%V£j,D£&'£ *%foaqv
7 i 
( R71/36  #TV£)V¤£W ?£   q£ZIT£)% T£ +,D£&'£ *%T£ #T £   £j, T£* V¤£ I?£&'o£ U 0£&% £W*  o«X+Yq]Ga +* 1'£=93nhGjoam











jEk lUm#]mX8jna[joa­~[yfQa fQe/Nhjoaqa[]Bhcd]BvyfQV]Gss]BvtoepfQ~qYquG°qjoacdYq]/s] c¬f/ " fQa vjoacdYq]/egiktTYTc·f
N  N
N]c(qu(aqj0 ucgf0cg]ujT\l]®eg]Bud[kcgu+joa­ud]cpu+jQyfQV]Gss]Bvo]BecgishG]Bu+fQaqv Nhjoaqa[]Bhcd]Bv~[yfQaqfoe+toepfQ~[YquB«
Á	 k  k¾Å
10]mU1     11-!$#b *+1
 +( 1 	>+,H(. WH(.1  ! c1 	> !J#)_B
@  )(21 W4W	0($yfQV]G viyu {|jTika?cO:R51! 3 3 R71/1 3kv
@ 7	 SW	0($yfQV]G (isaqhsqv]@v 	
 1 O:R51! 30oR71/1,3
2435 Ò46yÎ877 Î:9	; Ó<=oÔ|Î>=Î@Û?; Õ@; Î@ÓA; ÛKØBÓ?ÎGÕ 5 ÒgÔB¤ÒgÔ|Û?; Î@Ó/Î86 Õ 5 Ò=7µØBÓwØÔ@; ÕOÚÔ|ÒpÛbÑ7 Õ|Û6sÎBÔ4C½Ñ7 ÒgÔ:D Û4E+; Ô|Ï)7 ÒpÛF=TÔ|ÒgÛbÒpÓ0Õ|Ò:G






 "!$# &%')(*+(, -./	01*2,3#!46578!:9<;)1  KK
7  Å * Å  k  k¾Å
]mU1È¸<1-£=K£93 + _ ?+!WH)18+(b5H WHWq* 5 WH( 5 +<1p!J#Cc1 	>+
L+ 
) o 5 H( +c1^c1'% 1 !J# 5   	   *+1 ?,	

1 (*+(7	




$!y!$#  Xj²~[egj0o]®cgYqf0c 
 1-·£5 3(isu·a[jQc¬]G\'~c|orV8]$(iks
[[isµcfntoepfQ~qY¯¸<1-£=5£Cl 3hjoa?cpfQisa[ikaqt¸<1'£=K£93nwfTv[visa[t udqhGhG]Buguiso]Bk cdYq]ºT]Gedcdiyh]@u²jQ 5   fQaqvudY[j0¹cgYqf0ccdYq]ºhGjoaqucdegqhcgikjTa
]Baqud[ed]@u»cdYqfQciµciyuf NhGjoa[a[]@hcg]Bv~[sfoaqfQe+tTegfo~[Y½«
N]c 1 / 5  -fQaqv%©f¯T]Gedcd]©jo udqhpY¿cgYqf0c 1,isulyfQV]G (ikaqhGk v]Bvika  «ÈX+Y[]Baik8]fovqv
cgY[]2]@vto]:I2 1! £1,3cdjº¸<1'£=K£93®8]²jo[cgfQisafhNhjTa[a[]Bhcd]@vtoepfQ~[Y 1'£   14T£  #I  3
(YqishpYisu¬u|cgiksÈ~[yfQaqfoeV]BhBfQqud]$cgY[]'fov[vikcdisjoajQ InhBfQa[aqjQc¬hGjoa?cdegis[cd]cdjfov[vfN  N/joe®f " isa
1'£=  1 ?£,UI  3p«6Q8/fo[to\']Ga?cgika[tcdYq]udfo\l]8+f¤®cdY[]+toepfQ~qYl¸<1-·££93 jTe]BfohpY	1 /5  nr
8]®jocpfQisafQc(cdY[]]Baqvf<NhjTa[a[]@hcd]@v²~[yfQa fQe(toepfQ~qY2joa5 « -.
  Å  Å 	¾ Â nHmO15 +<11p!J#, *+1
 +(1c1 	>  !W1 )(    1/ 5 t  mT  1-R51! 3 3
f 
0# 
 1-·£93b	 bH!2/5H UBZ1  1-·£5 3q	 b)!E2/5H  
$!y!$#  N]c·ud[~[~VjTud]¬cdYqfQc  
 1-£=938hGjoa?cgfoikaqu+f NhGjoa[aq]Bhcg]Bv~[yfQaqfoe8tTegfo~[Y­¸<1-£=K£93p«5   hGfQaV]~qfQedcdikcdisjoa[]@v2isac|»jnud[qud]cpuG°
5¢    /5 t  +T  #1>R71/3
3  fQa v@2isu+yfQV]G (ika hsqv]BvisaflT]Gedcd]@1Mjo
5     /5 t  +T  #1>R71/3
3  fQa v@2isu+yfQV]G viyu {|jTika?c(jQÈfQawno]Becg] 1 jo
uisa[tº~[egjo~VjTudiµcgikjTa*^[rikC5¢2isula[joc']B\'~c|or8][qikkc²f¯~[yfQa fQe NhjTa[a[]@hcd]@v¿yfQV]Gsk]@v¿tTegfo~[Y
¸<1'£=@5 ¢ £l 3p«
[ucgY[]lo]Gedcdiyh]@ujo5 lfQeg]$yfQV]G viyu {|jTika?cjo»fQscdY[]o]Gedcdiyh]@u·jo nrVcdYq]/toepfQ~qY¸<1-·£  5 ¢ 
5 Q£l 3»isu(fl~[yfQa fQepNhGjoa[aq]Bhcg]Bvsfo ]Bks]BvtoepfQ~qY½« -.
uisa[tcgY[]²~[eg]Gwisjoqu$hGjoegjossfoedTrD»]n(isk»ed]@u|cgediyhc$jT[epu]BkT]Bu¬cdj=ud]cpu$jo8yfQV]Gsk]@vo]BecgishG]Bu.¹jTa^
ugf0cgisu wikaqtq°
R a4KcYxbV£A1 /²r[ikB²iyu+yfQV]G (ikaqhGk v]Bvisa@1 cgY[]Ga<<1$«
R aY+fQaw²o]Becg] ²jo  YqfTu+\'joeg]cgYqfQajoaq]sfo ]B ika1R71/3p«
fqjoe'fud]c -jQyfQV]Gsk]@v¿o]BecgishG]BuludfQcdiyu| wisa[t R a4KcYfoaqv R aYr»]~[egjh]G]@v¿fou/ jossj0u$cgjºudY[j0
cgYqf0c 
 1'£=93»iyu+a[jQc]B\l~[c|²(Y[]Gac mT  #1-3+¨ ª[°
KT«+»]/hpYqj?j?u]f²ud[qud]cC/jQÈo]BecgishG]Bu(jo  fQ\'joa[t'cgY[jTud]/ugf0cgisu wika[t  16 3A 193(foaqv[[issv
f NhjTa[a[]Bhcd]@v2~[yfQa fQe+toepfQ~[Y­¸ 1'£=T£ 3»joa:R¾hÈud]BhcgikjTaqu ^q« Kfoaqv^q« Y«
[«+»]®[[isyvfl~qfoecgiµcgikjTajo 8  ¢ =¥s¥k¥ @ wr !:p mT  #16 3p«
X+Y[isu(hGjoaqucdegqhcdisjoaisuv[]BughegikV]Bvika­ud]Bhcdisjoa^[« ^[«
^q«8 joe
]BfohpY q±dr¤»]8uY[j0©Yqj0cdj¬]wcd]Baqv¸  1-£=  #D¢¤¥s¥k¥ #q±  ¢Q£·±  ¢ 3 cdj¬jocpfQisa/fqNhjTa[a[]@hcd]@v~[sfoaqfQe+tTegfo~[Y¸<1'£=   D¢¤¥s¥k¥  q±d£± 3p«
X+Y[isu+iyu+cgY[]$uq{|]BhcjQ
ud]Bhcdisjoa^[« q«
Um0n  	, ÅHk  Á­Å	 

^¬iso]Ba  fQaqv ·r s]c 193 ]cdYq]lud]c¬jQ»ud[qud]cpu jo  udqhpY­cgYqf0c 1,3 G 16<3foaqv 1<3




Á	 k  k¾Å
 ]m-	 1  WH( lS	





4 1!#	0W8+(<1 q!J#q  1_)B3	        Q£ ¢ ¥s¥k¥  ")( l#  l £l¢ ¥s¥k¥ l <&	

 +T  #1>R71/ ± 3
3   mT  1-R51! 3 34)( mT  #1>R71/ l± 3
3 mT  1-R51! l 3
3bO1*    S1:
    l3	 #4WH( !<	 #m?
e !½£jb
*K¨1!D£W +T  #1>R71/Q± 3
3k mT  1-R51!l± 3
34WH(C mT  #1>R71/  3
3  mT  1-R51!l 3 3 
 2<1% 16<3S	 bZ41+!W2p5!c1+("1<Z2 y%*	
2< .2<o04!J#  16 3 #!W   
uisa[tlcdYq]$v]¶qaqiµcgikjTajo  \nf0 16<38fQaqvcgY[]Yw?~VjQcgY[]BudiyubR0a4KcY+fQaqv7R0a¬*Y8jTa 8]®Yqf¤o]T°
7  Å * Å  k  k¾Å
$-Um 	 c1 /  2 y% 193
nHmub _/Q£ed	/XR51! 3S    d
	/1 16  # 3
  m 0#  l /  B3Z1L WL)!  ,H1	

` aCe "£4     1l 3 "p 1634)( mT  #162l 3p mT  13
)!
` ja2e+ " K£b     1l 3"  1634WH( +T  #162l 3k mT  13b)(	Cl ¨  
Um mT  #16  38¨p mT  1'3
`bacgY[]$ jTksj0(isa[tqr jTefntTikT]Ga=ud]c·joKsfo ]Bsu.fQa v­f²u]Gc·jQKyfQV]Gss]Bvo]BecgishG]Bu) joa ugf0cgisu wikaqt
R a4KcY+fQaqv7R0a¬*Yr
mKik 5"isu(f'ud[qud]c(jQ fQaqv@ / 5 r»]¬a[jocd]  9 1/3  d"/XR71/3mt b1 / 5£1 nV£Zd	/XR51!1,3%
foaqvX 165 3 	i 
:9   9 1/3
m v]Ba[jQcg]Bufoa]Bk]B\l]Ba?cjQ  \nfQ 193p«
Um     Å  GB o k¾Å
 Å 	  '(  Å
"
Á Q Á Æ* ¾   l 0+* , Å  
 	UÅ  ) 
Á	 k  k¾Å
 nUm 	  24?{+!oH)18+(*+5¸<1-£=K£93ZBAW7+(1.I !$#  	 S1	0(?
@ N(ikeged]@vqhGik[s]<	 #·¸<1'££ #I  3	 S)!44?+!))'+( 
@ cgjQcgfoks:N(ikeged]@vqhGik[s]	 #¸<1'££ | #I  3	 4)! 4?{+!))'+( Y  ?{ !W)Z1' (b*+5²¸<1'£=K£93	 1W	0(4N+\'isa[ik\nfo	 #b




foaqv:R51'I 38hGjoa?cgfoika u(f0c(k]@fouc(joa[]®yfQV]G½jo	%(Y[iyhpYiyu+~[eg]Bud]Ga?c(ikajTa[k²c|»j'o]BecgishG]Bu+jo n«
7  Å * Å  k  k¾Å
 ; m Z#r mT  #1-3+¨ ª[£  
 1-·£ 3S	 4)!2/5H  
$!y!$#  N]c8¸<1'£=  £  3
V]f4N(\'ika[is\nfQDfQaqv<NhjTa[a[]Bhcd]@v'toepfQ~[Y'jQ  
 1'£  3p«r]P?aqj0 w
~qedjT~ j?uikcdisjoancgYqf0c0 mT  1 38¨p mT  #1- 3p«X+Y[]Ba½r?fTu  +T  #1- 38¨ ª/»]Y f¤o](cgY[] jTksj0(ikaqt/hGfTu]@uÈcdj
hGjoaqudiyv]Ge@°
 !"   
$#&% « 
1-·£ 3 
 1-·£ 3K ]@hGfoqu]»]¬a[]B]Bv²fQc8s]BfTu|cEVo]BecgishG]BuKcdjl[[issvf$a[jTa~qsfoaqfQe+toepfQ~qY½«
 '!"   
)(+* «K¸<1'£T£ 3 n  " «È`Uikc'+fou/cdYq]hBfoud]orF " »jT[yv¿V] N(\'ika[is\nfQ(fQa vfoaw2]Bv[to]IjQ	 " 8jo[yv ]$cdjQcpfQsk N(iseged]@vqhis[s]o«[X+Y[]Ba½r fTu  " Y fou4K@']BvtT]BuBr[8]\/quc·Yqf¤T]
 +T  #1- 3 ,(YqishpYhjTaTcgegfTviyhcgu8cgY[]Yww~ jocdY[]@uiyuG«
    
 -(/. «r]Y f¤o] mT  #1- 16 3






 "!$# &%')(*+(, -./	01*2,3#!46578!:9<;)1  K@^
`U"#   1 3 Ud TrocdY[]Ba@¬hjTaquiyucguKisaf/~qf0cgY{|joisa[isa[tcdY[]o]Gedcdiyh]@uY f¤?isa[t2d½ika²cdY[]Bike(ud]c»jo
yfQV]GyuB«[X+Y[]Ga=¸<1-·£o£ 3»iyu+~[yfQaqfoeB«
`Uu   1 3  db£Zd>l ?°Gcgj¬q[ikyv/fqNhGjoa[aq]Bhcg]Bv/toepfQ~[Y$jTaudiµ$T]Gedcdiyh]@uhGjoa[a[]@hcgika[tc|8j·yfQV]GyuGr
8]®a[]G]@vk]@udu8cgYqfQa KBl]@vto]@uqR¾»](issu]B]®ika¶qtT[ed] K¤rwcdY f0cjoaqk"V]@vto]@u(fQeg]¬aq]Bh]@udugfQegY«X+Y[]Ba
udqhpYtoepfQ~[YhGfoa[a[jQchGjoa?cgfoikafQaw/ N  N¬joe  " «
    
 (  «[·u6 16  3 Ud ?r   hjTaqudisucguikaf$~qfQcdY${|jTikaqika[t/cdY[]o]BecgishG]Bu»Yqf¤wika[td isacgY[]Giseud]cjQ
sfo ]BsuB« -.
Um   / Á  k¾Å
 Å	  *¤ k  k¾Å
%Å	 
Á	 k  k¾Å
 nonHm 	    h1 2<1!J#  2<1% 1693qWH(L'%:!J#     B +
 1/V£  3
Z"11!J#:110 5 !J#   L+ 
0 	 { ?{ !W)Z1'*1  '! 5  U1
	61/V£  3 + Z
1 !J# 1/V£ 3EO!S1 12 1 3 
E2 	
	
2<o2 +1p!J#0 	>+   /1	
 (5W 	
 	0!
 o£ ¢ £=o£G¥s¥k£=  !J# O1 ++  ± £ * ,h	  (>H+(  ?4 ±   Ft e+5 / 
	 1! £= 3WH(
 +T  #165 3J*% 
daq]/uY fQsa[jocdiyh]cgYqf0c¬Y?w~VjQcgY[]Budisu,R0aK6Y(jTa  is\l~qkis]Bu·cdYqfQcD¢iyu]B\l~[c|o«uQ»]G joeg]]wcd]Baqvisa[t¸ 
(ikcdYcgY[] q±dr[8]®(iks½toiso]¬to]Ba[]GepfQDeg]Bud[kcgu+joacgY[] q±  ±  «
' Á  ¿ nHm 0#  /  ¦ WH(<	 #5 ¦   1 ¢ £G¥s¥s¥ 1 ¦ :	 W71 2<1E!J# 
	 1/V£ 3)BZ1
 mT  #1>R71/3
3  § )(R71/3  d ¢ ¥s¥ d ¦  : 3 B3&	

  3 op 165 ¦ 3H(2d ± /c  9 1/1 ± 3 
$!y!$#  [unisu+isa  ¦ r+niyu-N(hjoaqa[]BhcgfQqk]cdj 5 ¦ «[X+Y[]Geg] jTed]TrTikcgY[]Geg]+fou1 ± isa 5 ¦ udqhpY²cgYqf0c
R71/3 3  9  1/1(± 3Jv[rBcgY[]Ga	®»jT[sv/ ]N(hGjoa[a[]@hcpfQ[s]KcgjC5¦  1(± 8foaqv	5¦ 	/	 1/V£  3p«
-.
' Á  ¿   m 0#r mT  #16 3J +T  #1- 3	7  H(2 mT  1'3 Z1  < 
$!y!$#  rº]4Pwa[j0 cdYqfQc$  1 3J mT  #16 3«VX+Y[]Ba½r fTu mT  1 3A mT  1'3!7 /foaqv  ugf0cgisu¶q]Bu
R aYr+]BfThpY o]Gedcd]G  jo   iyuudqhpY cgYqf0c1R71/3    ( 1/3	  d Tr»(iµcgYAd1/ #   1  32fQa v
 +T  #1-  ( 1! 3 3  o«V`U lx/    ruR71/l 3·hjTa?cgfQisaquf0c®k]@fouc·c|8j2yfQV]Gyu$d ¢/fQaqv d  V]Gsjoa[tTikaqt²cdj
  1  3¬(ikcdYd ¢:/pR51!T¢ 3r	d  /R51!  3®foaqv  T¢0£A   o   «
X+Y[]Ga½riµ mT  1  3 Or cgY[]2ud]c/jo
T]Gedcdiyh]@u#5  16   T¢@£   3 2 l $hjTaTcgegfTviyhcgu8~[egjo~VjTudikcdisjoa RO*Y« -.
7  Å * Å  k  k¾Å
 ]m
` a 0# q¦  ¦  	 S)!2/5H <
 b_/  ¦D£b 5¦:/	 1/V£  3p£§ | ' 3m L 9 ` ja2U1  / ¦ ¥0#e:1  /5¦D£&	
Z_ +T  #1>R71/1  343   15¯¦3 3 
Z12§  | ' 3 mL 9   | ' 3m 9  N
$!y!$#  N]c#n ]®fo]Gedcd]GnjQB ¦ foaqv@5 ¦ 1/V£ 3  1 ¢ £G¥s¥k¥ 1 ¦ ® ]®fQa]Gs]G\']Ga?c(jQ 	 1/V£ 3p«
rº]bPwa[j0  egjo\ k]B\l\nf K¬cdYqfQc Ud ¢ ¥k¥ d ¦ 2" R71/3»(iµcgY d ± /X  9 1/1 ± 3p«
N]cH ul 1/V£5 ¦ 3( ]lf2ud]c·joKsfo ]Bsu¬v]¶ a[]Bv­w1 ul 1! £=5 ¦ 3  165 ¦ 3A d ¢ ¥s¥ d ¦ 'fQaqvc 3 165 ¦ 3 
 165 ¦ 3A6 165 ¦ 3p«rº]$hGfoaeg]G\nfQe P'cdY f0cB°
mÈ jTe01(± / 5¯¦Dr[8]hGfoa[a[jQc(Yqf¤T]uis\/[kcgfoa[]GjTqudk  mT  #1- 3 165¦#343R71/1(± 3 3,nfoaqv
Ì»Ì Ót)ucv6wyx
KB  H!W  O	0(
 +T  #1-  9 1/1 ± 3A d ±  3 ,[r[udisaqh] mT  1-R51!1 ± 3
3 D«
mx 165 ¦ 3  d ¢ £B¥k¥s¥k£)d ¦  : ul 1/V£5 ¦ 3 : 3 165 ¦ 3p«
[u,Ud ¢ £G¥s¥k¥s£Zd ¦ ?£W  l 1! £=5 ¦ 38fQaqvX 3 15 ¦ 38fQeg]®v[isu¾{|joisa?cBr8]¬Y f¤o]
 +T  #1- 165¦#3
3§ 5  mT  #1- ul 1/V£5¦#3
35 mT  1' 3 165¦3
3«
X+Yq]Ga½rcgj'~[edj0T]~qedjT~ j?uikcdisjoa   8]$hjTaqudisv]Be8c|»jnhGfTu]@uG°
Ã6noÃ(ikb 1(±!/5¦D£W  9  1/1(± 3A dy±  nfv$cgY[]Gac mT  #1- 15¯¦ 3
3 §_5 mT  1' ul 15¯¦ 3
3D0§
Ã   Ã(ik4e 1  / 5¦DrquG« cB«   9  1/1  3 d   fv«
N]c   V£5¦  1   T«yr]»Yqf¤o]4 1 ,3'k 165¦3 foaqv mT  #1 ,3k mT  15¯¦#3«6[uB5¦®iyufud[qud]c
joB·cgY[]Gawn~[egjo~VjTudiµcgikjTa²qrw8]\qu|c+Yqf¤T]o° mT  #1>R71/1 3
3 mT  1-R51! 3 3 §È«[X+YwquBr? edjT\ cdY[]
Yww~VjQcdYq]Budisu+jTa@1 wr R71/1 3K\quc·hjoa?cpfQisafQc+s]BfTu|c41 §:7# 3»yfQV]Gyu(viyu|cgika hc( egjo\ d ¢ £G¥s¥s¥k£)d ¦ T«
N]c     £1 T«0KikcdY[]Bex 1  3J 165 ¦ 3
fQaqv§6k[r0joe4 1  3 o  165 ¦ 3profoaqv rQfTu  mT  #1- 1  3 3
Q§:7#or8]®\/qucYqf¤T] R fY°  mT  #1- 165 ¦ 3
3 Q§È«
5 ¦ hBfQa[a[joc
hGjoa?cgfoika$\'jTed]ÈcgYqf0cjoaq]o]Becg]21 udqhpYcgYqf0c!R71/1,3" 1  3pr@cdj¬udfQcdiyu| ¬cgY[]»\'isa[is\'fokikc|
Yww~VjQcdYq]BudisuÈjTa 5 ¦ «TX+YwquBrTf0c8k]@foucx mT  15 ¦ 3 71¬o]BecgishG]BuÈjo 5 ¦ hGjoa?cgfoika'joaq]sfo ]BqjTe\'joeg](a[jQc
isa NR¾zAY«qX+Yq]Ga»]®Yqf¤T]'°
 +T  #1- 165 ¦ 3
3 mT  15 ¦ 3	7^5 mT  1' 1  3
3 mT  15 ¦ 3"7^5 1'Q§:7# 3¥ -.
uisa[t'~[egjo~VjTudiµcgikjTa   8]®Yqf¤o]T°
  Å  Å 	¾ Â   m 0#0§  mT  #1-34Z1@ ¦ 	 412/5H  
Um -   Å  GB o k¾Å
 Å 	  '(  Å
"
Á Q Á Æ* ¾   l 0+* , Ä , Á  ) &
N]c»¸  1-·£Q£ 3
f®~[yfQa fQe&NhGjoa[a[]@hcg]BvtoepfQ~[Y½«QXj]wcg]Gaqvn¸+(ikcdY'cdYq](o]Gedcdiyh]@ujQ  ± (ikcdY
*  Tr»](isk  u]®cgY[]® joskj0(isa[tled]B\nfQe PV°
2<  N½]Gc#fu]GcjQ½yfQV]Gsk]@vno]BecgishG]BuBr 5f$ud[qud]c8jQ  foaqv²¸<1-·£5£93Èf,NhjTa[a[]@hcd]@v
yfQV]Gss]Bv²tTegfo~[Y½«T`Uf/T]Gedcd]G njo 	 5 iyuNhGjoa[a[]@hcpfQ[s]cgjflu[ u]Gc#5 lVjQB5 r?cgY[]Ga2cdY[]®u]Gc8jo
]@vto]@u# l   1/V£A1 l 3+t 1 l / 5 l iyu(u hpY2cgYqf0c·¸<1-·£5   ?£  l 3»iyu(f NhjTa[a[]Bhcd]@v²yfQV]Gsk]@v
tTegfo~[Y½«
7  Å * Á ¤ k¾Á  Å
  , ÁLk>  Á ¤ k Å  Å	 Á ¤ k  Á  Å	 	
' Á  ¿ UmO¸ 1-·£Q£ 3 +  4? !W)Z1' (5) )<W+5 )(   .2<o!J#   0#
 	 1/V£ 3+!'	
b 1-!$#$c1 	>+)5    1 ¢ £1  <L+ 
1!1 ¢ £1  3q	 4 +(y,!J#06B
Z1 +7+	
118+(<	
¸ 1'£Q£ 3SO 	
.C+85)	
45H.HW	
  H(4?{+!oH) 	 6	
  
$!y!$#  X+Yq]Èikaqud]Gedcdisjoa®jo ¬heg]BfQcd]Bu f+~ f0cdY 1/3 1/1 ¢ £ 3£ 1! £1  3:Tr~qfoegfoks]GQcdj+cdYq]K]BvtT] 1/1 ¢ £A1  3
joBT«[`UK¸ 1'£Q£ 3»isu+~[yfQa fQe+cdYq]Ga=¸<1-·£6 #T£ 2 1! 3: 3isu~[sfoaqfQe@« -.




1 	>+4!$#   +  4	
118+(<	
¸  1'£=  £  3SO 	
.C+85)	
45H.HW	







 "!$# &%')(*+(, -./	01*2,3#!46578!:9<;)1  KcV
$!y!$#  `UH mT  1 3: 
qr
cdY[]­hGjo\'~[s]cd]toepfQ~qY  | ' 3 m (  joa$ isu'~qsfoaqfQe'fQaqv NhGjoa[aq]Bhcg]Bv «
X+YwquBr
quisa[tk]B\l\nfº^[rfQscgY[]o]Gedcdiyh]@u jo hGfoa¿V]isaqud]Gedcd]Bv¿ika iµc'(iµcgY[jo[cl[eg]Bf*Pwika[t¯cdY[]
~qsfoaqfQegiµc|'fQa v'cdY[]qNhGjoa[a[]@hcgikwikc|o«[u8¸ 1-·£Q£ 3Èisu8f/ud[[tTegfo~[YnjQ  | ' 3m (   rTikcgu»]wcd]BaqudikjTa
iyu(fQyudj'f'ud[[tTegfo~[Y2jocgY[]]wcd]BaqudikjTajo+ | ' 3 m (   «
X+YwquBrik)l ; 1! 3+t p/   fQaqv 1! 39; 1/1·¢Q£A3p£ 1/V£A1  3:(iµcgY5 1·¢0£1  s/ 
	61/V£  3:Tr
cgY[]toepfQ~qY¸<1-·£     £   Cl 3»iyu+~[yfQaqfoefQaqv NhGjoa[aq]Bhcg]Bv « -.
  Å  Å 	¾ Â%-Om 0#  	 SL  
	 mT  #16 3JB3
  
 1-·£ 3b	 S)!E2/5H p#!WC 
7  Å * Á ¤ k¾Á  Å
  , ÁLk>  Á ¤ k Å  Å	 Á ¤ k  Á  Å	  
' Á  ¿ -OmO ¸  1'£=  £  3/+q. ?+!WH)18+(5H WH-W+5  Z#  N +!'	
/' %  L 
ZW&
 q	 5 N   1·¢0£A1  £1 N /
	 1! £=  3&	
ZC +T  #1- 165 N 3 3»¨BOZ1 W
)
$c1 	>+
l&!J# N L 
45 N / 	21!l £  3.+ +/	
1'+(4	
n¸  O	





 !W¸  
$!y!$#  N]c fQaqv l½V]c|»j²v[isucdisaqhco]Gedcdiyh]@u+jQ  N fougujhGisfQcd]Bv2cdj 5 N «or]$¶qegucisaqu]Bec ika=¸ N
w2fTv[visa[tlcdY[eg]G]®]@vto]@u 1/V£A1·¢ 3£ 1! £1  3£ 1/V£A1 N 3p«
Ã6noÃ/´wq~[~ j?u]'cgYqf0cb1(±$/5 N r"  9 1!1+± 3A R51! 3:n v«X+Yq]Ga b1(±$/5 N £W mT  1-R51!1(± 3 3  fQa v
R71/1(± 3/  165 N 3«VXj2ugf0cgisu 2cgY[]/Yww~VjQcdYq]Budisu·joa 5 N rV»]/\/qucYqf¤T] mT  1' 1   £l  3
3·¨«H[·u
 +T  #1>R71/3
3 2fQaqv  +T  #1>R71/l 3  ²fQaqvfQa vl
fQeg]$viyu|cgika hcBr
R71/l 3(Yqfou·][fohcdsjTa[]$yfQV]G
d l aqjQc+ika R71/3p«N]c1+±x/5 N uG« cB« d l /:R71/1(± 3p«X+Y[]Ga@ l iyuNhjTa[a[]@hcgfo[s](cdj  V£A1(± ®fQaqv2hGfQa ]


























jEk lUm  m`baqu]BecgikjTa²jQ4'fQa v lVT]Gedcdiyh]BujQ  N « [$° lVYqfoujoa[]sfo ]Bud>lqa[joc»isaR71/3KfoaqvnV]Gsjoa[tTikaqt
cgj R71/1(± 3«Q¬° foaqv l·Yqf¤T]­joa[]¯sfo ]B·isa hjT\l\'jTa  ]BkjTa[toisa[t©cgj R51!1  3p«  ° %fQaqvl¬fQeg]
yfQV]G viyu {|jTika?cfQa v l lfQa v l Yqf¤T]¬fQck]@fouc+jTa[]®sfo ]B½isahGjo\'\'joa½«
Ã   Ã²´w[~q~ j?u]cdY f0c:e:1 / 5 NTrKuG« cB«4  9  1/1 3UR71/3  v[«KX+Y[]Ga$¿fQa v%l+Yqf¤o]cdYq]yfQV]G(jo
  9  1/1 343 R71/38ikahjT\'\ljTa½«[X+Ywqu#l isuENhjTa[a[]Bhcgfo[k]¬cgj   165 N  1  3»foaqv l½hBfQa ]
isaqud]Gedcd]@v=joa¯cdY[]']@vto]01/1T£ 3fQa vhGjoa[a[]@hcg]Bv­cgjcdY[]'o]BecgishG]Bu1 ± jQ5 N'(iµcgY *n w=fov[v[ika[t
cgY[]]Bv[to]Bu 1!l £A1 ± 3qR¾h|«[¶qtT[ed]$2QEY«qX+Y[]eg]Bud[kcdisa[t'toepfQ~[Yisu~[sfoaqfQe(foaqv NhjTa[a[]@hcd]@v « -.
uisa[tnf'uis\'ikyfQe(eg]BfTujTa[isa[t/cgYqfQa joe+cgY[]$hjTedjTkyfQeg ^qr»]®Yqf¤T]o°




1 	>+ h!J#  N L :Z Z1q	 5 N   1·¢¤£A1  £A1 N /
	61/V£  3/&	
Z2 mT  #1- 165 N 3 38¨
+W +4	
1' (	
¸  1-·£  £  3SO	
 2*+'5H	
 b5) )	
 ")( ?{ !W)Z1 	 y	
  
Ì»Ì Ót)ucv6wyx
K    H!W  O	0(
7  Å * Á ¤ k¾Á  Å
  , Á¯Á9]k G Á  Á­Å	  
' Á  ¿ ;]mO0  11S!$#< *+1
 +(c1 	> "! WH( /   '  16<3  0# mT  1'3'¨ ª WH(
 +T  #16 3.n 




qrqudisa[t'~[edjT~ j?uikcdisjoa   r  ¦ isu(]B\'~c|o«
mKik§2 
nfQaqvX mT  1 3»¨ 
qr  $isu+]B\'~c|2w2v]G¶qa[ikcdisjoa½«
m»iµK§5 
²foaqvc mT  1 3  
 «V´wq~[~ j?u]$cdYqfQcHe:1/   lfQaqv 5  / 
	 1! £= 3p«DXj²udfQcdiyu| cdY[]
Yww~VjQcdYq]Budisu®jTa¯cgY[]nhGfQepvisaqfQsikc|­jQ or½»]'\qu|cYqf¤T] +T  #1- 165  3 3 w« ·udisa[t~[edjT~ j?uikcdisjoa   r
8]v]Bv[qh]®cgYqf0c) ¦ iyu+]G\'~c|2 joe(§q« -.
.  Á Æ k-Ol   
Ä , Á '!" ) 
' Á  ¿ UmO#  11q!J# .*+
. (s 	>+:!  H(@  /   ' 16<3  Z# +T  #16  3   WH(
 +T  #1- 38¨ ª B3
 
 1-£=93b	 S)!2/5H  
$!y!$#  N]c¸ 1-£=o£ 38fl~[yfQaqfoeNhjTa[a[]Bhcd]@v2tTegfo~[Y½«[·ur +T  #16 3 qr     @ NQ«
m3f[egjo\ hGjoegjossfoedl^[rw»]¬hGfoa²ika u]Bec+ika¸cgY[]¬o]Gedcdiyh]@ujo ¬(ikcdY[jTc+[ed]@fWPwisa[tcdYq]~[yfQa fQegiµc|
foaqv2cdY[]4Nhjoaqa[]Bhcdis?ikc|o«
mbf[egjo\ hjTedjTkyfQeg7V[r(Y[]Ba  mT  #1-3²¨ r8]hGfoa¿isaqu]Beclika ¸foa?ºo]Becg]©jQ N(iµcgY[joc
qed]@fWPwikaqt/cgY[]~[yfQaqfoedikc|²fQaqvcgY[]4NhGjoa[a[]@hcgikwikc|o«
m¬`U mT  #1- 3, wrcdY[]Ba© joelfQaw /  Nor 5sN  0; 1 ¢ £A1 T£A1rN s/  	 1! £= 3p« r]
Pwa[j0 ?k]B\'\'f K¬cdY f0c ²iyuudqhpY2cgYqf0cR71/343:  (  1/1 3.nfv/ joe49 o£)£ [«
rº]lcgf*Po]nfo]Gedcd]G =jQ0LNnfoaqvikaqud]Gedc2­ika¿¸'w¯fTv[visa[t2cgY[eg]G]']BvtT]Bu 1! £1 ¢ 3p£ 1/V£A1  3p£ 1! £1rN 3
isaqudisv[]cgY[]®¾fohG]   1/1 ¢ £A1 o£1rN 3p« X+Y[isuk]@fov[u8cgj'f'~qsfoaqfQeENhGjoa[aq]Bhcg]BvtoepfQ~[Y«
`U  N hjoa?cpfQisaqu(fQa[jocdY[]Be+o]Gedcd]G lDcdY[]Ba»]®Yqf¤T]c|8j'hGfoud]Bu8cgjnhjoa uiyv]Ge@°
Ã6noÃ cdYq]Geg]¯iyuM / T£Z[£  =udqhpY cgYqf0c1R51! 303   ( 1/1  3  R71/l 33   ( 1/1  3«+X+Yq]Ga<l¬isu
NhjTa[a[]Bhcgfo[k]cdj    15 N  1   38fQaqv@ l isu(isaqud]Gedcd]@v2jTacgY[]]Bv[to] 1/1  £ 38foaqvhjoaqa[]Bhcd]Bv2cdj
cgY[]o]BecgishG]Bu1(±ÈjQ5 N (iµcgYX*n ²?fov[visa[tlcdYq]]BvtT]Bu 1/lO£A1(± 3qR¾h|« hGfoud] R>QEY8jQ
¶qtoqed]/WY«
Ã   Ã, joefoa?s/ o£)£  CR71/3 3c  (  1/1  3·fQaqvsR51!l 3B31  ( 1/1  3·fQeg]viyucdisaqhc@« `ba=cdYqisuhBfoud]
cgY[eg]G]²]@vto]@u1/lO£A1 ¢ 3£ 1!lO£A1  3fQa v 1/l £1rN 3foed]²fTv[v]@vjocpuiyv]ncgY[]²¾fTh] ; 1/1 ¢ £1 o£10N 3 R h|«
hBfoud] R  Y+jQ¶qtoqed]/WY«
´[~[~VjTud]cgYqf0c) NhjTaTcpfQisaqu+fQa[jocdY[]Be»T]Gedcd]G l lO«[·ur mT  #1-3+¨ ªqr?8]hGfoa2a[joc+Y f¤o]Ã   Ã joe# r+l
foaqv l l&R  joe+fQaw _/7o£Z[£ R51! 3 3{  (  1/1 3prR71/l 3 3  (  1/1 3fQa v_R51!l l 3 3  (  1!1 3 fQeg]
v[isucdisaqhcY«QX+Y[]Ba½r0foucdY[]+Yww~ jocdY[]@uiyujQ[Ã   Ã
isuugf0cdiyu¶q]Bv$ joeB®foaqv.lOr@cdY[]8o]Becg]2l lw(iskwV]»isaqud]Gedcd]@v
]BiµcgY[]Ge(isaqudisv[]  joe(jTcgudiyv]  foaqvhGjoa[aq]Bhcg]Bvcdj ²jTe0 l fou+isaÃ6noÃ@«
X+Ywqunfok+cgY[]­o]BecgishG]BuljQ2LN­hBfQa  ]­isaqud]Gedcd]@visa¸­fQaqvcdY[]­eg]Bud[kcdisa[tºtoepfQ~[Y isu'~qsfoaqfQenfQa v
NhjTa[a[]Bhcd]@v « -.
' Á  ¿  ]mO0  11S!$#< *+1
 +(c1 	> "! WH( /   '  16<3  0# mT  1'3'¨ 2 WH(
 +T  #16 3 
hZ1 






 "!$# &%')(*+(, -./	01*2,3#!46578!:9<;)1  K0
$!y!$#  N]c¸ 1-£=o£ 3»V]$f~qsfoaqfQeENhGjoa[aq]Bhcg]BvtoepfQ~[Y«
fqedjT\ ~[egjo~VjTudiµcgikjTa   r  ¦ iyu+]G\'~c|2(Yq]Ga§ [«[X+Ywqu)   @#  No«
m&f[egjo\ hjTedjTkyfQeg^$»]¬hGfQanisaqud]Gedc»isa¸·cdY[]o]Gedcdiyh]@uKjo (iµcgY[jo[c»[eg]Bf*P?isa[tcgY[]·~qsfoaqfQegiµc|'fQa v
cgY[]4NhGjoa[aq]Bhcgikwikc|o«
m`UH mT  #1-3¯¨ 2©foaqv mT  #16  3  
 rKfQaw% /  N (ikcdY<5 N / 
	 1! £=  3liyu²u hpY cgYqf0c
 +T  #1- 165 N 3 38¨«[X+Y[]Ga egjo\ hGjoegjossfoedV[r»]hGfoaisaqud]Gedcika­¸  foa?nT]Gedcd]G2jQ N « -.
Q8f'udik\'issfoe+ed]@foudjoa[isa[tl»]®~[egj0o]cdY[]® jTksj0(isa[t'k]B\l\nfTu 0«
' Á  ¿ 0UmO0  11S!$#< *+1
 +(c1 	> "! WH( /   '  16<3  0# mT  1'3 2 WH(
 +T  #16 3 
hZ1 
 1'£= 3S	 bH!W12/5H  
' Á  ¿  UmO0  11S!$#< *+1
 +(c1 	> "! WH( /   '  16<3  0# mT  1'3'¨ 2 WH(
 +T  #16 3  Z1 
 1'£= 3S	 bH!W12/5H  
' Á  ¿ n ]mU1  "11!J#   1
 +(c1 	>+<!W  H( /   '  16<3  Z#$ mT  1'3, 2 WH(
 +T  #16 3 B 
 1-£= 3S	 b)!E2/5H  
' Á  ¿ nHnomU1  "11!J#   1
 +(c1 	>+<!W  H(   /   ' 16<3  Z#$ mT  1'3$¨ª WH(
 +T  #16  3 0 Z1 
 1'£= 3S	 bH!W12/5H 
uisa[tns]G\'\nf   cdj K*K®8]®jocpfQisajT[e(\nfQisaeg]Bud[kcB°
 , ÁwÅ  Á    m<c mT  1'3¬¨Mª7
<#!<o:11  !J#, *+1
 +(1c1 	>  !W rB 
 1'£=93	 )!2/5H  
X+Yq]Ga½r[ uisa[t'~[egjo~VjTudiµcgikjTaLKor8]Yqf¤T]o°
  Å  Å 	¾ Â UmO!q13!J#/H!W 12p5)  (	  	
u 110K¡; @¡ ¢ £G¥s¥k£d¡ L+ZW !2¨ ª:Z1
	 W7 %*'1H(*+(  (W	01*2 '5H 11 	
/¡ 
`ba?cg]Geg~[ed]Gcdisa[t®cdYqisued]@u[kc(ikcdY:\TjoYqaqujTanfQaqv'zjosyfWP  uv]¶qaqiµcgikjTahT \TzMwyX jo½Y?w~V]GegtoepfQ~[Yl~[yfQaqfoedikc|or
eg]G\nfoeP KfQa v²cgY[]~[eg]GwikjTqu+s]G\'\nf[r8]¬jTcgfoikacgY[]® joskj0(isa[tled]@uqµc(joaYww~ ]BedtTegfo~[YquB°
  Å  Å 	¾ Â  ]mYo  5 *+5 6y	
  WA2<!c	c   51+(14	 '% @ 5) ) 
2<  N½]Gcqu(hjTaquiyv]Be+cdY[]ud]cjQo]BecgishG]Bu0 jQ¶qtoqed]4V«
   UTV q£ZT mI Tr V¢9 #TV¤£WT 0£ZT q£ZTI?£)V 0£  foaqv   " V  T«½¸<1-·£  £93·Yqfou¬joaqk­jTa[]]@vto]
1'TV q£ZT mI 3ÈfQa vlcdY[]SNhGjoa[a[]@hcg]Bv'yfQV]Gsk]@vntoepfQ~[Ynq[ikkc+?'isaqud]Gedcdisa[t/udqhGhG]Buguiso]BkcdY[]o]BecgishG]BuKjo
  foaqv V¢®k]@fov[u+cgj²fQa­]G?cg]Gaqv[]BvK[s]Ge¬visfotoepfQ\ (Yq]Geg]]BfohpYyfQV]G
hjoegeg]Bud~ jTaqv²cgj²fnhjTa[a[]Bhcd]@v
eg]GtTikjTa2(ikcdY[jTcY[jTk]®isaikcR¾h|«¶qtT[ed]bMY«
























jEk lUm>0]mX+Y[]bNhGjoa[a[]@hcg]Bvsfo ]Bks]BvtoepfQ~qY[qikkc·w2hjT\'~[cdisa[t'cgY[] q±fQaqvcdYq]$hjoegeg]Bud~ jTaqvisa[t
]Gwcd]Ga v]BvK[s]Gev[isfotoepfQ\
Um;   Å  	 k¾Å

rº]¬Yqf¤o]®uYqj0(ancdYqfQc+cdY[]Bed]¬]iyu|cpu8f~[yfQaqfoe-NhjTa[a[]Bhcd]@v²toepfQ~qYn joe(fQawnhjTks]BhcdisjoajQisa?cd]Gepud]Bhm
cgikjTaquV]c|8]G]Ba­[~cdj]GistoY?c·ud]cgu4B¡2¢¤£B¥k¥s¥ ¡  T« X+Yqisu·~[sfoaqfQeNhjTa[a[]@hcd]@vtoepfQ~[Y­hGfoa­ ]qud]Bvcdj
q[ikyvfQa]wcd]Baqv]@v[k]Be·viyfQtTegfo\ ed]B~[ed]@u]Ba?cdisa[t @¡2¢@£G¥s¥k¥ ¡  T«
`ba?cg]Geg~[ed]Gcdisa[t/jT[e8»jTeP'qudikaqt,\TjoY[aqudjoafQaqv2z












ÙØ>Gv S Í SQÙØ>GGTÒ)7 ÒgÚ S
		! #"$%'&)(+*,& S I Ø)9ÈÔ|ÒpÓ?ÏpÒC½Ô@7 H ØBÑJ Í»ÛbÛbÎ0Ï&;kØÕ|Ò:GIqÕ G S
L½Ñ H 7; Û 5 ÒgÔ|ÛpÖ- S . SµÖ0/vyvS
ÙC 3F3 vyv S21S43 ;½Ù
ØGÕbÕ@; ÛUÕØoÖ L S CØ8GTÒpÛpÖqÌ S 3 Ø J$ØBÛbÛ?;µØoÖ ØBÓG2Ê S 1S 3 Î>7 7 ; Û)S65789;:<=*>@?@A7B ?'*>(C
	2D$EF
(CHGI*>DJ9B *LKI(+*,M%EN?%89
D@S+L½Ô|ÒpÓ0Õ@; ÏpÒHO8Ø87 7 ÖP/vyv6vS
EFEI E vcw S 3 S8EØÕØGÔ|Ï); Ö¤ÜS ×+S>E















3 ÒgÏ 5 S?ÌÒ)= SEQ Ì»Ê,b4x`QÖ 3 ÎBÔ|ÎBÓQÕ|ÎoÖ EØGÓwØ>GTØoÖw×?Ò H Ô|Ñ?ØGÔbÚ\/+v6vyu S





CÑ7.waS I S C½Ñ7 ÒgÔ:SVY(+(+JDp#
V"$*>!&DJD)< Pq r<B>BL	sI?4$DJS^ *CGDDJtk(+D^ @8S
DJ*,u)H( '89
*>BjDv
89@*idÖB@Î>7 ÑJÒ 3 S4`QÖ7 ÒgÕbÕ|ÒgÔ|ÛH/I` l /I_ SÙ






 "!$# &%')(*+(, -./	01*2,3#!46578!:9<;)1  K@
×O<'` S  SV× 7 Î:9ÒgÔ¬ØBÓG SO8Î:9KÛbÒ>S 18ÒpÓTÒgÔØGÕ@; Ó<C½Ñ7 ÒgÔG ;kØ <BÔØ JÛ)S$ÊOÓ :<*,I?%	hD¤Ö =wØ <@ÒpÛ2cS/b*wa0Ö
EØ 77µØ)9ÈØpÚ\1+ØGÔ GTÒgÓ?ÛpÖ418ÒgÎBÔ@<>;µØQÖV-HQoÍ·ÖoÍ =oÔ@; 7`'` S
1.HOv6vS S1;7 ÖfQ Sd.(ÒpÓ0ÕØBÓKG	 SO8Î:9KÛbÒ>S×?ÎBÔ@J$Ø 7;
); Ó<Q=;GTÒdÔ G ;kØ <BÔØ JÛ)SÊ Ó	8SDJ*>
	 
W0*>DJ9B!Y
?9I?@D|Ö =?Ø8<@ÒgÛZ/+xkb/x6wQÖ 3 Îm0Ú0ÎTÖ!QoÒ)=oÕ|Ò)J H ÒdÔ</vyv6v S
  Lf_6wS 3
S Q S @Î 5 ÓTÛbÎ@Ó­ØGÓKGO SSPLDÎ>7 7µØm S O»Ú =ÒgÔ@<BÔØ = 5 =7µØBÓ?ØGÔ@; ÕOÚØBÓGÕ 5 ÒÏpÎ8J=7 Ò ; ÕOÚ²Î 64GoÔØ)9	; Ó<
R»ÒpÓ?ÓMG;µØ8<GÔØ8JÛ)S U

VBd E5789 BÖ//'nZxoT x6vIbWx`aQÖd/+v_6wS




IPLUvcwS S IqÒ)JÎ@Ó¯ØGÓKG­Ê S L ÔØGÕbÕ:S Q =wØÕ@;µØ87F7 Î><8;µÏ'ØBÓKGÕ 5 ÒÏpÎ8J=7 Ò ; ÕOÚÎ86G;µØ8<GÔØ8JJ$ØGÕ@; Ï$Ô|ÒØBÛbÎBÓ; Ó< S
M&
*>45$89
*,&)DZ! W0*>DJ*,89&)*,BDJDZX:H*,I?%	h	s(+*,&  D*C
?"!ÖVcSn%/koT _6vIb!/IyvoÖ
/+v6vcw S





   ?/? 
' Á  ¿ 0Um N½]c ,fu]Gc®jo»yfQV]Gsk]@v¯T]Gedcdiyh]@ujTa  fQa v  /   '  16<3p« `Ur mT  #1- 3  2fQa v
 +T  #16 3 
lcdYq]Ga 
 1-·£93»iyu+a[joc]G\'~c|o«
$!y!$#           N    «
Ã6noÃn´w[~[~VjTud] D/   foaqv 5  / 
	61/V£  3«ÈX+Y[]Ga½rÈfTu 
 ¹§  | ' 3m L 9   | ' 3m 9  N r
 uisa[tn~[egjo~VjTudiµcgikjTa   R oY+8]Yqf¤T]o°b 1 ± / or  mT  #1-  (  1!1 ± 3
3  o«[u mT  #1-3 2[rb 1 ± / or
R71/1 ± 3J  (  1!1 ± 38foaqv­¸vjw]Bu+a[joc(hGjoa?cgfoikafQaw²]@vto]T«
rº]8ikaqud]Gedc ¬isal¸8fQaqv®cgY[]8toepfQ~[Y¸<1'£=  ?£   1! £1 ¢ 3p£ 1/V£A1  3p£ 1/V£A1rN 3£ 1! £1  3% 3 iyu~[sfoaqfQe
foaqv NhjTa[a[]@hcd]@v «
uisa[t~[edjT~ j?uikcdisjoa¯ R YrD8]/Yqf¤T]o°DfQaw­u[ u]GcC5 jo hGjoa?cgfoikaqika[t foaqv¯udqhpY­cgYqf0c 15 3 
 16 3\qu|c$Y f¤o]l\ljTed]lcgYqfQa jo[e/o]Gedcdiyh]@uG« X+YwquBr½fQaw=T]Gedcd] lKV]Gsjoaqtoisa[t2cgj  ± (ikcdY*H 

iyu$udqhpYºcdYqfQcR51!l 3YqfTu][fThcds=jTa[]nsfo ]B dlKa[jQc$isaR51! 3«ON]c.1 ± /²uB« c@«"dl0/pR71/1 ± 3«X+Y[]


























jEk lUm ]m^ mT  1'3 2'fQaqv1 mT  1 3 
q«odacgY[]k]G cB°qcdY[]isaqud]GedcdisjoajQ]Gs]G\']Ga?cgu+jo /hGjoaqudisucgu
isa=heg]BfQcdisa[tl jo[e~[isaP]@vto]@u+ joecdY[]¶ eguc·]Gs]G\']BaTcfQa v2c|8jn~[isaP]BvtT]Bu+ jTecdYq]$a[]wc·jTa[]o«)da
cgY[](\'isvqvk]T°0cdYq]8tTegfo~[Y,  isueg]G~[yfohG]BvwcdY[](egistoY?cd\'jTuctoepfQ~[YlfQaqv/cdY[](isaqud]GedcdisjoaljQ cdY[](T]Gedcdiyh]Bu
jo   R eg]Bud~½«  N Y+foed]cdepfQa u| jTed\']Bv R cgY[]/hjTedeg]Bud~Vjoaqv]Baqh]isutoiso]Gaw²cdYq]$hjosjoepu+Y«
Ã   Ã·´wq~[~ j?u]. $iyu+]G\'~c|o« X+Y[]$hjT\l~qk]Gcd]®toepfQ~[YO iyu+~[sfoaqfQefoaqvhjoa?cpfQisaqu¸Q«
uisa[t=hGjoegjossfoedis]Bu®^­fQa v Vr½8]<Pwa[j0cgYqf0clfQaw¯]Bk]B\l]Ba?c/jQ fQaqv  N2hBfQa ]2ikaqud]Gedcd]@vºika  
(Yqiks]bPo]B]G~[isa[t'~[yfQaqfoedikc|²(Y[]Ba]Bo]Bed²T]Gedcd]G 2jQ  N®isupNhjTa[a[]Bhcgfo[k]¬cgj²flud]cjo
T]Gedcdiyh]@u 5sN
ugf0cgisu wikaqt{ 165 N 3»¨ w«
N]cqua[j0ud[~[~VjTud]»cdYqfQcMhjTa?cgfQisaquc|»j¬o]BecgishG]BujQ  N r $fQaqv l rQu hpY$cdY f0c 5 N <5 N 1! £=  3
5 N 1!lO£=  3+ugf0cdiyu¶q]Bu. mT  #1- 165 N 3 3  w«rº]/a[jocd].1  cdY[]o]Gedcd]Gjo    5 N fQaqv d     ( 1/1  3p«
rº]Yqf¤T]·c|8jnhGfoud]Bu»cgj²hjoa uiyv]Ge@°
 mfbV£Al4/& N fTududjhiyf0cd]@vcdj 5 N r"e:1  /%5 N (ikcdY^  9 1/1  3 3XR51! 3    9 1!1  3 3XR71/l 3p«
X+Yq]GafQs cdY[]T]Gedcdiyh]@u»jo N fougudjwhGisfQcd]@vncdj 5 N fQeg]®ika u]Becg]Bvika=¸  fou+isa¶qtoqed]$ R>QEY«




 (/. foaqv '!"  
  (/!"  
-( °iµ  mT  1' 1   £ l  3 wr  1   £ l  3J 15sN 3»(Y[iyhpYhGjoa?cdepfoviyhcpu8~[edjT~ j?uikcdisjoa²«






 "!$# &%')(*+(, -./	01*2,3#!46578!:9<;)1  K
> 	    )
   -( foaqvHR51!1 3  d 0£)dl £Zd | K(iµcgY Ud | ,J 165 N 3  165 N 3°u[~q~ j?u]$e 1 ± /5 N·uB« cB« mT  #1-  9  1!1 ± 3
3 [rTcdYq]Ga½rwfou  mT  #1- 165 N 3 3 r6b 1$/ 5sN  1 ± Tr
 mT  #1>R71/1 3
3 [«ÈX+Y? u;   £ l £A1 ± iyu'u hpY¿cdY f0c  1,39 =foaqv    5 N(Y[iyhpY
hjoa?cgegfTvishcgu8~[egjo~VjTudiµcgikjTa²«
>    
   
    #( 3#  rqqudikaqt²~[egjo~VjTudiµcgikjTa 2foaqvcdYq]$¾fohccdY f0cfQaqvl ]BkjTa[tlcdj  N «
rº]2ud[~[~VjTud]n(iµcgY[jo[c/kj?udu®jo(to]Gaq]GepfQsiµc|cgYqf0cCR71/1  331R71/1  3  v[rfQaqvhGjoaqudisv[]GecgY[]n\'isv[v[k]
tTegfo~[Y2jo½¶qtT[ed]q«rº]hGfoa[a[jQc(isaqud]Gedc2foaqv l isaO  w2hGjoa[aq]Bhcgikaqt	²foaqv lD(ikcdYcdY[]®T]Gedcdiyh]Bu
jo)5 N (iµcgY[jo[c[eg]Bf*P?isa[tcgY[]2~[yfQa fQegiµc|jQ(cdYq]2eg]Bud[µcgikaqt=toepfQ~[Y«]r]2cdY[]Ba¿eg]G~[yfohG]/  wºcdY[]
egistoY?cd\'jTuc(toepfQ~[Y¸Hl½jo¶qtT[ed]$qr[v]Gs]cgikaqt'cdY[]]@vto]@u 1/1  £1  38foaqv71/1·¢¤£1 N 38fQa vhGjoa[aq]Bhcgikaqt 1 
(ikcdY$¿fQa v&l¾«&rº]a[j0 Yqf¤T]²cdjudY[j0 cdY f0c'cdY[]T]Gedcdiyh]BujQC  fTududjhiyf0cd]@vcdj  1·¢0£A1 N ­fQa v
cgj  1 o£A1  hGfoa¿ ]isaqu]Becg]BvV]c|8]G]Ba©c|»jºfov¤{fTh]BaTco]Gedcdiyh]@u$jo¸Hl8foaqvcgYqf0clcdY[]o]BecgishG]Bu$jo
 N$fTududjhiyf0cd]@v²cgjncdYq]¾fohG]Bu 1!1 T£A1 T£A1rN 3r1!1 T£A1 ¢ £A1  3+fQaqv71!1 T£A1 ¢ £A1rN 3(hGfQaV]/isaqud]Gedcd]Bvisaqudisv]
¾fTh]@u+jQ¸HlO«
N]c01V]$fT]Gedcd]G²cdj'V]ikaqud]Gedcd]@v2isa=¸Hl3R 1 /	1 2  £l  3$Y«rº]Yqf¤T]o°
> '!"     % rwjQcgY[]Geg(iyu]TrT8]¬hBfQa2¶qaqvf/ud[qud]c  jQ udqhpY²cgYqf0cr 1,3'J 16 3fQa v
   T°
`U! mT  #1>R71/1,3 3  
'foaqvXR51!1,38hjTa?cgfQisaqud or[»]¬cpfWPo]   1$£A1 ¢ £A1 o£1rN T«
`U mT  #1>R71/1 3
3  
/foaqv{R51!1,3Èv[j?]@uKa[joc»hjTa?cgfQisad +cgY[]Ga²8]·hBfQa'¶qaqv 1 ± fQaqv 1·isa 5sNu hpY
cdYqfQc   1$£1 ± £1 o£1 $ugf0cdiyu¶q]Bu0 1,3D 16 38foaqv    o«
>     hGfoa[a[joc+hGjoa?cgfoika²VjQcgY  
 fQaqv "! jTe»VjQcgY   foaqv  r #%$ rwjQcgY[]Geg(isud]/r8]hBfQa2¶qaqv2fu[ u]Gc MjQ  u hpY2cgYqf0c 1 ,3'k 16 38fQaqv    Tr[(Y[iyhpYhjoa?cgegfTvishcgu8~[egjo~VjTudiµcgikjTa «
X+Yq]Ga½r0R71/1,3hjTa?cgfQisaqujoa[]ºjoec|8jyfQV]Gyu2cpfWPT]Ga  egjo\  d ± £Zd>l fQaqv f0c\'jTucjTa[]¯yfQV]G¬ egjo\
 d 0£Zd | £)d ?£Zdl (ikcdY *.n  n !:qr[fQaqv½°
R fY»`U!R51!1,3o 165 N 3rcdYq]Ga½r+1 iyuENhjTa[a[]@hcgfo[s]]BiµcgY[]Ge+cgj   £1  ?rwcdj0 V£A1 ¢ ?rwcdj0 V£A1rN Trwcdj
 l £A1 ¢ $joe8cdj  l £A1  ?«
R¾oY/`UR51!1,3  Ud o£Zd ± £Zd l (ikcdYd ± jTed l /fR51!1 3cdY[]Ba%1/ #foaqv 1,isu NhGjoa[a[]@hcpfQ[s]ncdj
 1  £A#joe+cgj  1  £l 
R hyY»`U"R71/1 3  d  £Zdy±£Zd>l ®(iµcgY  dy±|£)dl  3R71/1  3Jv$cdYq]Ga 1 / N fQaqv 1MhBfQa ]®isaqu]Becg]Bvikajoa[]
jocgY[]®cdegisfoa[toqsfoe»¾fTh]@u+jQK¸Hl½fov¤{fTh]BaTc+cgj 1  «
X+YwqucdYq]»isaqud]Gedcdisjoa$jo fQawC1 / 1    V£Al  3Disal¸Hlwiyu~VjTugudik[s]+fouika/¶qto[eg]»fQaqvcdY[]+eg]Bud[µcgikaqt
tTegfo~[Y2iyu(~[yfQa fQe(fQaqv NhGjoa[aq]Bhcg]Bv « -.
' Á  ¿  Um N½]c ,fu]Gc®jo»yfQV]Gsk]@v¯T]Gedcdiyh]@ujTa  fQa v  /   '  16<3p« `Ur mT  #1- 3¨ 2fQa v
 +T  #16 3 /cdYq]Ga  
 1-·£93»iyu+a[joc]G\'~c|o«
$!y!$#  N]c¸ 1-£=o£ 3»V]$f NhjTa[a[]Bhcd]@v2~[yfQa fQe+toepfQ~[Y« Q»2k]B\l\nf Vr  8 # LNo«
 N(iyuÈ]G\'~c|D°Tikaqv[]G]Bv½rQiµ"e:/ N+cgY[]Ga' jTe 5sN/ 	 1/V£ 3ro8](\/qucKYqf¤T] mT  #1- 165 N 3 38¨ 0
V]BhBfQqud] mT  1 3foaqvX mT  #1- 165 N 3
3 10w²~qedjT~ j?uikcdisjoa   R¾fY«
X+Yq]Ga 8]ºYqf¤o]cdj%uYqj0¹cdYqfQc­foaw o]Gedcd]G jQ #hGfoa V]ºisaqud]Gedcd]@visaM¸º(Y[isk] Po]B]G~[isa[t cdY[]
NhjTa[a[]Bhcdiswiµc|²foaqvcdY[]~[yfQa fQegiµc|T«
[u. +T  #1-  1 3
3 ²foaqvs +T  #1- 3$ ru hjTaTcpfQisaqu]BiµcgY[]Ge®jTa[]/yfQV]G4dÈjTec|8j2yfQV]GyudKfQa vsd l

































jEk lUm*nUm  mT  1'3¨ 2²fQaqv1 mT  #16  3 «qcdY[]$cdY[eg]G]/hBfoud]BuB«qX+Y[]$isaqud]GedcdisjoajQKfoa?o]Becg]jo  
hGjoaqudiyu|cpu»isa­heg]BfQcdisa[t'joa[]®jQcdY[]eg]Bv~qfQcdYquB«
 mr! 16 3 Ud|£Zd l ¯fQaqv a[j©T]Gedcd]¿jo2­YqfTu' jocdYJd¬fQaqvDd l ika ikcgunud]c²jo¬yfQV]GO«X+Y[]Ba
lhjoa?cpfQisaquc|8j2yfQV]G viyu {|jTika?c¬o]Gedcdiyh]@u 1 ± fQaqv 1 ?«H[uHdfQaqvdl~[yf¤cgY[]'udfo\l]edjTk]Trq8]\nf¤
hGjoaqudiyv]Gel(iµcgY[jo[c'sjTuguljQ·tT]Ga[]Begfokikc|ºcdYqfQc 1 o£1 w£A1  Yqf¤o]1disacgY[]Gisenu]Gcgu'jo·sfo ]Bsu'foaqv¿cgYqf0c
1 ± fQa v 1  Yqf¤T]dl¬isa cgY[]Gise­u]GcgujQlsfo ]BsuB«(X+Y[]Ga cdYq]tTegfo~[YM¸ºYqf¤wisa[t¿cgY[]©u]Gcjo]Bv[to]Bu
  1/1T£A1  3£ 1!1 £A1  3p£ 1/1 ± £A1  3%iyu:NhjTa[a[]Bhcd]@v fQaqv ~qsfoaqfQe@«[aw%o]Becg]$ jo	Yqfou
flud]c+jQyfQV]Gyu8jQ½cgY[]¬ joeg\ R51! 3  db£Zd i  i  ±   TrR51! 3 Ud>l¾£)d i  i     ¬jTeR71/3 Ud ± £)d  fQa v
hBfQa ]isaqud]Gedcd]@v2isa=¸  ?fov[visa[tnjTa[]®jQcgY[]eg]Bv~qf0cgYqu(jQ¶qtoqed] KB [/«
"mF J  1  3   db£)dl $foaqvf'T]Gedcd]G 1+±KjQ   hGjoa?cgfoikaqurd
fQa v1d>lDikaikcgu(ud]cjo
yfQV]GyuG«[X+Yq]GacdY[]
tTegfo~[Y©¸  Yqf¤wisa[tcdY[]u]Gc/jQ(]Bv[to]Bu    1/1(±d£A1,3+t 1 n 1(±'T §   1;/<  ²iyuNhGjoa[aq]Bhcg]BvfQa v
~qsfoaqfQe@«[·a?'T]Gedcd] 'jQ   hGfQa2 ]¬ika u]Becg]Bvnisa¸  w'fTv[visa[t/jTa[]·jo cdY[]¬eg]Bvn~qfQcdYqu»jQ ¶ to[eg]K@
Q¬«
  m	 G 16 3 5Ud T«qX+Y[]Bed]isujoaq]/o]Becg]1 ± jo ludqhpY­cdY f0c$  (  1!1 ± 3  Ud ± ¢ £Zd ±  lfQa vcdY[]
jocdY[]Be(o]BecgishG]Bu1®jofQeg]uqhpYcdY f0cR71/1 3  d o£Zd ¬(ikcdYc  (  1/1 3 Ud  ?«
X+Yq]Ga¸ 1-£=T£ 3½isu
fud[[toepfQ~qYjQcdYq]toepfQ~qY® joeg\l]@vwfhjT\l~qk]Gcd]tTegfo~[Y  »joacgY[]T]Gedcdiyh]Bu
joB  1 ± fQaqv2w²fQa2]@vto]<1/1 ± £A1 3R¾h|«w¶qto[eg] KB  «_Y«`U	R51!1 ± 3»hjTa?cgfQisaqu0dbr?cdYq]Ga #®iyu»]B\'~c|o«
`bacgY[]2jocdY[]BehBfoud]orB#2hBfQa©V]hGjo\'~ j?u]@vjQ+c|8j=o]BecgishG]Bu2fQaqvl»(iµcgY R51! 3<;Ud ± ¢ £)d 2fQa v
R71/ l 3 Ud ± Q£)d ?«
X+Y[]isaqu]BecgikjTa¿jQ·cdY[]@u]o]BecgishG]Buika ¸hBfQa  ]\nfov]w¿fov[visa[tcdY[]~qfQcdYqu
1!1o£AV£A1 ± 38fQaqv51/1T£l £A1 ± 3p« -.
' Á  ¿ n ]m N½]c  fud]c®jQ8sfo ]Bks]Bv¯o]BecgishG]Bujoa MfQa v   /   ' 193« `U mT  1'3  2fQa v
 +T  #16  3 [r 
 1-£=93»iyu+a[jQc]B\'~c|o«
$!y!$#  [·aw$o]Becg]/jo   YqfouÈfQcÈk]@fouc
c|8j®sfo ]Bsuisa'iµcpuKud]cKjQVsfo ]BsuB«oX+Y[]Ba½rQfou  +T  #16  3 ¬fQa v
 +T  #1- 32qrT8]Yqf¤T] mT  #1-  1  3
30®foaqv'isa2fQaw'u[ u]Gc#57jQ   hGjoa?cgfoika[isa[tcgY[eg]G]T]Gedcdiyh]Bu
cgY[]Geg]'isu/f0ck]@fouc$joa[]'T]Gedcd] 1+±·uqhpYcdY f0cC mT  1'  ( 1/1(± 3
3  T«]e­joeg]Gj0T]Ge@r  uisa[tcdY[]2ed]@u[kcgu
joÈ~[edjT~ j?uikcdisjoaLR fYr fQaw 1/  N isuu hpYcdYqfQc. mT  1' 165 N 3
3 0l joeC5 N / 	 1/V£  3+fQa v
R71/38hGfoa[a[joc(hGjoa?cgfoikajoaqk²yfQV]Gyu8 egjo\   1  3p«rº]Yqf¤T]·cgY[ed]B]hGfoud]Bu8cgjnhjoa uiyv]Ge@°
 m" M 16 35 d T«or] Pwa[j0cgYqf0c®iµ s/&LNcgY[]Ga^d/R71/3fQaqv d/^  15sN 3p«½X+Ywqu·cdY[]Bed]
foed]l'o]BecgishG]Bu 1fQaqv1 ¢ ika 5sN/(Y[jTud]/ud]cgujQKyfQV]Gyu·v[j2a[joc¬hjTa?cgfQisa db«Hf
iktT[ed]:K*K:R [YuY[j0u
cgY[]¬[a[iy³Tq]¬hBfoud]ugf0cdiyu ?isa[t'u hpY2hjTaqu|cgegfoika?cpuG« [awnjQcgY[]Ge8o]Becg] lDjQB N¬Yqfou0d½isahGjo\'\'joa²(ikcdY
fQaqvhGfoaV]ika u]Becg]Bvika 5*fou(udY[j0(aisa¶qto[eg]® R>QEY«
N]c 5 l    1o£A1 ¢ ?«
`U1 ± / 5 l8cgY[]GapR71/1 ± 3 Ud  1!1 ± 3p£)d T«Xj7Nhjoaqa[]Bhc_d|r
8]a[]G]@v
cgjfTv[v¯2]BvtT]Bu ]Gc|»]B]Ga­cgY[]n^²T]Gedcdiyh]BujQ#5 l¾« e­jTed]Bj0o]Ge@r  hGfoa[a[jQc®hjTaTcpfQisa¯fo]Gedcd]G /&
NhjTa[a[]Bhcgfo[k]¬cgj@5 Co<5 l½jQcgY[]Geg(iyu]~[egjo~VjTudikcdisjoahR¾fY(»jT[sva[joc ]udfQcdiyu|¶q]@v «qX+Y[]BacdY[]Bed]
foed]c|»jo]Gedcdiyh]@ujo ¬(Y[iyhpY2foed]a[jQc+hjoaqa[]Bhcd]Bv2a[]GikcdYq]Ge8?nfoa2]Bv[to]·jo¸¬a[joe»?²f/~qf0cgY2jo 





































jEk lUm*nonHmM mT  1'392qr" mT  #16 39 «O[/°	 +T  #1-  1 3
39 «Or Yq]Ga R71/1 3$fQaqv R51!1 ¢ 3vj
aqjQc$hjTaTcpfQisa¯cgY[]2hGjo\'\'joaºsfo ]B dbrDcgY[]n]Gs]G\']Ga?cpu®jQ  N hBfQaº ]nisaqud]Gedcd]@v uisa[tcdY[]nqk[]n~ f0cdY uG«
X+Yq]=ika u]BecgikjTa jo$fQaw]Bk]B\l]Ba?cjQ.  hjTaqudisucgunisa hGed]@f0cdisa[t©jTa[]­jQ®cdYq]¯eg]Bv ~qf0cgYquB« Q,fQaqv  °
 +T  #1-  1  3
3  0q«]r Y[]BacdY[]²v[fTuYq]Bvºkisa[]n]GwiyucguBrR51!1  3¬hGjoa?cgfoikaqu®]BiµcgY[]Ged8joeCdl « d·cgY[]Geg(isud]or
R71/1  3436Ud|£Zdl  Av«qX+Yq][kq]:R eg]Bud~½«[eg]BvY8~ f0cdY uhjTedeg]Bud~ jTaqv2cdj'cdYq]$ika u]BecgikjTajoT]Gedcdiyh]@u+jQ  N
R¾ed]@u~«   Y«Q¬°R71/1·¢ 3KhjTaTcpfQisaqu0d½fQa vdl-P  °R71/1·¢ 3ÈhjTa?cgfQisaqu0dlVfQaqv R51!1  3hjoa?cpfQisaqu d|«Q fQa vn°
 +T  #1-  1  3
3  [«oQ° R71/1·¢ 3+hjTaTcpfQisaqu  db£)d l £)d l l Pq°D]@fohpY1R51!1(± 3hjoa?cpfQisaqu·fQc·\'jTucc|»j2sfo ]Bsu
fo\'joa[t_db£)dl fQa vXd>l l « R71/1 ¢ 38hjoa?cpfQisaqu8sfo ]Bsud
foaqvXd>l fQaqvXR71/1  38hjoa?cpfQisaqu8sfo ]B"dl l «
"m9 k 16 3  db£Zd>l T« X+Y[]Bed]»isujoa[s¬joa[]»o]Gedcd]G1»jQ8uqhpY®cgYqf0c  mT  1-R51!1 3 3x  1 3
3k«
`U  N hjTa?cgfQisaqu²fT]Gedcd]G ¿cgY[]Ga 5 N   1  £A1(±£1  p/ 
	 1! £=  3'foaqv%»]=hBfQa[aqjQc²Yqf¤T]
  ( 1!1  3 o R71/3'(ikcdY !  *'joe!  q«Ed·cdY[]Bed(iyud]oriO« ]o«ikC  ( 1/1(± 3 o R71/3ncdY[]Ba r]Biµm
cgY[]GeX mT  1-R51!1+± 3 32 fQa v   1  £ £1  »jT[sv V]udqhpY cdYqfQc    5 N joe:R51!1+± 3 
U  ( 1/1(± 3£Zd|£Zdl fQaqv nisu+a[joc8isa N «[X+YwquR51! 3 Ud  1!1  3p£)db£Zd>l fQaqv N hGjoa?cgfoika u8fQc8\'j?u|c+c|8j
T]Gedcdiyh]@u(YqishpY'hGfoa/V](ikaqud]Gedcd]@v/isacdY[](ugfQ\']8¾foh]+V]BhBfQqud]cgY[]GiseKfougudjwhGisfQcd]@v/ud]cgujo yfQV]GyuÈhjTaTcpfQisa
 db£)dl hR¾h|« ¶qtT[ed] KK R  Y$Yfoaqv=cgY[]'ika u]BecgikjTajo8T]Gedcdiyh]Bu¬jo# N'ika¿¸'s]Bfovqu¬cdj­f NhjTa[a[]@hcd]@v
~qsfoaqfQe+toepfQ~qY½«
N]c­qu­hGjoaqudisv[]Gea[j0 cgY[]ikaqud]Gedcdisjoa jQcdY[]o]BecgishG]BujQ o«p[o]Becg] V]Gsjoa[tTika[t cdj #isu
udqhpY©cgYqf0c{R71/3 Ud ¢ £)d  (iµcgY]BiµcgY[]Ge_d ¢ /f 16 3/fQa v d /  db£Zd>l joed ¢ /A  (  1/1 3/fQa v
d H/1 16 3   (  1!1  3p«
m`UVcgY[]Geg]iyuKf®o]Becg] 1 ¢ ika ·udqhpYlcdYqfQcxR71/1 ¢ 3Èhjoa?cpfQisaqu4dDfQaqv d l ro»]Y f¤o]8cdY[]hjoa[¶qto[epf0cgikjTajo
¶ to[eg]SK*KSR>QEY°of®T]Gedcd]G.$jQ4+iyuisaqu]Becg]Bvlisan¸ 1-·£Q£ 3w/fTv[visa[t®]GikcdY[]Bef¬~qf0cgY'hGjoa[aq]Bhcgikaqt
1foaqvfQa[jocdY[]Be8T]Gedcd]G2jQ®jTef~ f0cdY­hGjoa[a[]@hcgika[t 1 ¢ fQa vfoa[jQcgY[]Ge+T]Gedcd]jQ T«
m`U8a[j­T]Gedcd]G¯jQ   hjoa?cpfQisaqu¬cdY[]²c|»jyfQV]GyuCd+fQaqvd>lÈikaikcgu$ud]cjQ+sfo ]B r"dSR¾ed]@u~«dl Y® ]BkjTa[tTu
cgj2f0c¬k]@foucc|8j2u]Gcgu·jQKyfQV]Gyu·fougudjwhGisfQcd]@v2cgj2T]Gedcdiyh]BujQ   «)N½]Gc)1·¢$foaqv1  V]$c|8j²o]BecgishG]Bu(jo
  udqhpY­cgYqf0cdl!/ R51!1¢ 3(foaqvsdx/sR71/1  3prV»]Yqf¤o]cgY[]hGjoa¶ to[epf0cgikjTajoÈ¶qtoqed]KK:R  Y( joecdY[]
isaqud]GedcdisjoajQcdY[]T]Gedcdiyh]Bu+jo   ika=¸  1-·£  £  3«
`ba­fokDcgY[]$hGfTu]@ucgY[]eg]Bud[µcgikaqtltTegfo~[Y2iyu(~[yfQa fQe@«
  m G 16  3 7Udb£)d l £)d l l T«DX+Y[]/yfQV]Gyu$d|£Zd l fQa vsd l l fQ~[~V]Bfoe·isa¯f0c¬k]@fouc·c|8j²o]BecgishG]Bujo   fQa v
foaw2o]Becg]jQ /Yqfou·f0c·s]BfTu|c·jTa[]$jo
cgY[]Bud]$yfQV]Gyu(isa=iµcpu·ud]c·joÈsfo ]BsuB« X+Y[]Ba½r fTu mT  #16 3 r
cgY[]Geg]iyuflo]Gedcd]G@1 ¢ isa (YqishpY­hjTa?cgfQisaqu(fQck]@fouc(c|»j'jQ
cdYq]cdY[eg]G]$hGjo\'\'joasfo ]Bsuika­ikcguud]c
joyfQV]GyuG« X+Y? uGrwcgj'ugf0cgisu ²cgY[]Yww~ jocdY[]@uiyu+joaTr  N\/quc( ]]B\'~c|o«
m®`U¬f¯o]Becg] 1 ¢ johGjoa?cgfoikaqu/cdYq]Bud]2cgY[ed]B]2yfQV]Gyulika iµcpulud]c'jQsfo ]BsuB«
X+Yq]Ga ¸ 1-·£Q£ 3
(Yq]Geg] 4  1!1 ¢ £A1 3mt 1 /  1 ¢  /iyu~[sfoaqfQefQaqvhNhjTa[a[]Bhcd]@v7R h|«V¶qtT[ed]:K*KR0QSY$YfQa vcdY[]
]Bk]B\']Ga?cgu+jo#fQeg]®ikaqud]Gedcd]@v2w2hGjoa[aq]Bhcgikaqt 1 ¢ foaqvfQa[jocdY[]Be8T]Gedcd]G2jQ o«
m`U+fokÈcgY[]²T]Gedcdiyh]Bu®jo0²hGjoa?cgfoika©f0c$\'j?u|cc|8j­jQ8cdY[]²cdY[eg]G]²hGjo\'\'joaºsfo ]BsuisacdYq]Gise/u]Gcgujo
yfQV]GyuBr 8]/Yqf¤T]$cgY[]lhGjoa¶ to[epf0cgikjTa­jQÈ¶qtT[ed]"K*K R AY¬fQa v=f²+f¤cdj2isaqud]Gedc·cgY[]T]Gedcdiyh]@u·jo lisa
¸  1-·£  £  3« -.
Ì»Ì Ót)ucv6wyx
Q  H!W  O	0(
' Á  ¿ nHnom N½]c  fud]c®jQ8sfo ]Bks]Bv¯o]BecgishG]Bujoa MfQa v  /   '  193« `U mT  1'3¨ ªfQa v
 +T  #16 3 0cdYq]Ga 
 1-·£93»iyu+a[joc]G\'~c|o«
$!y!$#  [u mT  1  3  0qr »]'\/ u|c$Yqf¤T]_ mT  #1- 3 w«]N]c¸  1-£=  £  3V]²f NhjTa[a[]@hcd]@v
~qsfoaqfQe+toepfQ~qY½«
r Yq]Gac mT  1'3/cdY[]Baw²s]G\'\nfnl»]®Yqf¤T]C 8fQaqv
 1-·£ 3»iyu(a[joc(]G\'~c|o«r Yq]Ga_ mT  1'3 2[rQqudisa[t¬cdY[]ugfQ\']+ed]@foudjoa[isa[tcdYqfoaisalcdY[](~qed]B?isjo uk]B\l\nfqr LNhBfQa[aqjQcKhjTaTcpfQisa
foaw=o]Becg] « r]:P?aqj0 fQyudjcgYqf0c/foaw¯]Gs]G\']BaTc.¯jQ niyu$udqhpYºcdYqfQcR51! 3  Ud 	 Ud ± ²(Yq]Geg]
d ± /c  1 3p«rº]Yqf¤o]c|8j'hBfoud]Bu»cdj²hGjoaqudiyv]Ge@°
 m mT  1' 16 3 3  lfQa v­f'sfo ]B	d
V]Gsjoa[t?u+cdjncgY[]/ud]cpu(jQÈyfQV]Gyu(jQKf0cs]BfTu|c¬u]Bo]Gao]BecgishG]Bu(jo
Q« `U d
isu~[ed]@u]Ba?cika=fokcdY[]R71/1 38 joe)1M/ or iyu]B\'~c|o« d·cdY[]Bed(iyu]Tr[8]$fQeg]ikacgY[]/hGfTu]jo
¶ to[eg]K¤:R [Y«N]c01 ¢ /¬(ikcdYcd
	/:R71/1 ¢ 3p«[Xjlugf0cgisu 'cdY[]¬Yww~ jocdY[]@uiyu8joa Tr[fQa2]Bk]B\']Ga?cnjo
  \qu|cV]/udqhpYcdYqfQcR51! 3 3R51!1¢ 3$nAv'fQa vhBfQaV]ikaqud]Gedcd]@v?fov[v[ika[t²f'~ f0cdYV]c|8]G]Ba 1·¢
foaqvfQa[jocdY[]Be(o]Gedcd]G²jQ   «
"m" +T  #1-  1  3
3  02fQa v=]BfThpY­o]Becg]­jQ   hGjoa?cgfoika u]GikcdYq]GedÈjTe$d l isa¯ikcgu¬u]Gc¬joKsfo ]BsuB« `U# 
hGjoa?cgfoika ufo]Becg]1·¢lu hpY=cdY f0c®cdY[]lc|8jyfQV]Gyud»fQaqvdlV]Gsjoa[tcdj1R71/1  3r cdY[]Ba8]lYqf¤o]cdY[]
hGjoa¶ to[epf0cgikjTa²jQ¶qto[eg] K@"R0QSY«[`bacdY[]®jocdY[]Be+hBfoud]BuBrw»]®fQeg]isahGfoud] R>QEY»joebR  Y8jo½¶qtoqed] K@[« -.
w
1A B C D
w1
jEk lUm*n   mM mT  1  3< 0¯fQa v mT  #1- 39 2q«
X+Yq]2[yfoh+P]BvtT]Bued]B~[ed]@u]Ba?c¸<1-£=  £<3fQa vcdY[]
isaqud]GedcdisjoajQo]BecgishG]Bu+jQ/fQeg]¬\nfTv]qudika[tlcgY[]ed]@v~qf0cgYquG«o[$°L mT  #1- 16 3
3 lfQaqvXR71/1 ¢ 343
 d 9 vPuQ°F mT  #1- 16 3
3  0[rVcdYqed]B]/o]BecgishG]BujQ'hjTaTcpfQisa dÈisa=cgY[]Giseu]Gcgu¬jQKyfQV]Gyu®fQaqv=cdY[]
cgY[eg]G]¬jQcdYq]Gepu»hGjoa?cgfoika1d l ikacdYq]Gise+ud]cpu8jQyfQV]Gyu+P  °  mT  #1- 16 3
3 0[r? jo[e+T]Gedcdiyh]Bu8hjTa?cgfQisaXdisa
cgY[]Gise·ud]cpu(jQsfo ]Bsu(cdY[]c|8j'jQcgY[]GepuhjTa?cgfQisacdl isacdY[]Bikeu]Gcgu(jo
yfQV]G'PoQ°  mT  #1- 16 3
3 0nfQa v
R71/1 ¢ 38hjTaTcpfQisaqu Ud|£Zdl T«
ÊOË8ÌÊUÍ
Unité de recherche INRIA Rocquencourt
Domaine de Voluceau - Rocquencourt - BP 105 - 78153 Le Chesnay Cedex (France)
Unité de recherche INRIA Futurs : Parc Club Orsay Université - ZAC des Vignes
4, rue Jacques Monod - 91893 ORSAY Cedex (France)
Unité de recherche INRIA Lorraine : LORIA, Technopôle de Nancy-Brabois - Campus scientifique
615, rue du Jardin Botanique - BP 101 - 54602 Villers-lès-Nancy Cedex (France)
Unité de recherche INRIA Rennes : IRISA, Campus universitaire de Beaulieu - 35042 Rennes Cedex (France)
Unité de recherche INRIA Rhône-Alpes : 655, avenue de l’Europe - 38334 Montbonnot Saint-Ismier (France)
Unité de recherche INRIA Sophia Antipolis : 2004, route des Lucioles - BP 93 - 06902 Sophia Antipolis Cedex (France)
Éditeur
INRIA - Domaine de Voluceau - Rocquencourt, BP 105 - 78153 Le Chesnay Cedex (France)  	


  
ISSN 0249-6399
